TI TLE METHODS FOR MONI TORI NG GENOM C DNA OF ORGANI SMS
[ 0001] This application clains the benefit of U S
we@e@silgizonal Application Ser. No. 60/591, 596, PCT/@82005/026704
July 28, 2004, incorporatediherein by reference in its
entirety. BACKGROUND OF THE | NVENTION Field of the
I nvention [0002] The invention is directed to inproved
nmet hods for rapid detection and cl assification of
organi sns based on the genomic information of the
organi snms. Rel ated Background Art [0003] In the
bi ot echnol ogical field, there is a need for rapid
detection and/or classification of organisns, such as
bacteria and viruses, in a variety of sanples (e.g.,
envi ronnental and nedical). For exanple, rapid
detection of bacteria, and subsequent classification
of the species and/or strain, may be necessary to
provi de quality assurance for, e.g., a local water
supply, a hospital, or a food processing plant; i.e.,
it may be necessary to screen various sanples,
including but not limted to sanples of air, dust,
wat er, bl ood, tissues, plants, foodstuffs, etc., for
the presence of contam nating organisns, and to
classify thecontam nating organisnms prior to _
consunption, exposure, and/or use by the public, or
during use by the public. The present invention
acconpl i shes these goals by inproving nethods for the
detection and cl assi fi catiTdhLBf organisnms (e.qg.,
bacteria or viruses) in a sanple. [0004] Standard

o) METHDAS ik MIPNTICRING SR Gfie Pl SrcORaapisvs

staining or testing of other biochem cal properties,

are inprecise and often cannot differentiate anong

di fferent organisns, |let alone different strains of an

organism WMore precise nethods for detecting.and/ or
100013 HussmmicaioTprlagnan et PEUBR SsebiBAnal PPLERiAR SeroN
60/5921596101c8 14385 M0 BrPHOPAS R T RIMDGRHs LitABl.

tedious and conventiornal processés, such as northern

blotting and RT-PCR, to cutting edge DNA m croarray

andl br ol ase t PRk RO RE B BRI St on

. . 005] PCR is effectuated by two separate and
Iﬁddéf&?%ﬂg%%@Pirst and second) priners, each of which is

[000@ epRAaTdNidhYs GipdERERMbAIVE] ikt de W6 rapidi ddeecti el BRNElBssification
ound on either of the two tenplates (i.e., strands)
of orggnismsdagpdum the genqpig deforastom of i gasMee t he

sequences of the two prinmers are based on the

sequences ,of . the two genom c DNA tenplates, the two
Relat?ﬂ?gﬁ%g&o%pﬁ%nto and bracket a singular and isol ated

[0003]] a6 ke Bibtehtblegull fR1d ke heth @ TomfapidlAfsctiBiCEh It ¢lgssification
such a pair of prinmers results_ in the exponenti al
of orgapismist such b bcteia asuirusess 1 aNersly gesamles (©Oga eppienmental and
medigs 0 TR EmbR BT FLHH PEoRRG B SEAA A cahlifol e
speci¢s@antifoe straw, @pay bensgessargto, pravide qualitphssiihice fanked albycahwater
first prinmer_binding.site on the 3'-end of one genomc
supplygahaspiig O efoRA rofessiRpRianty P MaY; BEAICRESSEMIR SgfeR Kious
sampRs, ifAHdAL blihEotHnhied 18 SARPTES o PNA duSTRLRE Blodd ¢0&ks S
PCR exponiential Iy anplifies DNA 1t may be used to
foodstidfseett., fargh¢ presanea v coftaymabng ergapisms, and.to clagsi Hethe
because PCR requires priners that are specifically
conplinmentary to sequences of the genom c material,
whi ch are known and bracket the locus of interest, it
islimted in that it can only be used for the
detection and classification of known organisns. In
ot her words, the investigator is required to know or
guess the classification of the organism(i.e., the
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about the sequences conplinmentary to the two primners
used in the analysis.[0007] To overcone sone of the
wo povetietsions of PCR, net hods of wavef or m prof i PCTgSWe5/826704

devel oped (see, e.g., the method of waveformprofiling

contagdrating [9EEAN SIS [ R SRNSPRPEAR, SAPRIUre Anfeh usaibl the Hubligk or during
3

use b%}%ﬁé\éggpg‘gg ﬁ%gélvtva "i]rg}%n (219 g%cg)ﬁ'xng gﬂ'%as r%gé%%g 19 rbg]' Iﬂgﬁ)f\)njxécﬁgthods for
the det@dtioniaad classificationfot ganisaisqd. gf, baceas gaﬂnm) i achmpke.

bacteria) w thout requiring the investigator to know

r.gu t.he, ¢ ss'fi at i f t.he prior to.
[00043e$tg‘&‘faf‘iﬁmr81"i°gﬂ I mgihPgk S AeiseiRg PRGET ‘3%%% Yi4g|) organism, e.g.,
cultufi‘xﬂlﬁf%r)ﬁz@l%rﬁ h&n %s@m%@fer Bit&@hé?ﬁlgﬁrﬂréﬁgﬂé' Hﬁ imprecise and

i ple COpIeS of a Unique priner and
often qm drf&dermat@mwmffmet fgpUAInS, lat\adoraasdlffewpt sitaaiss af@n

organisy Gek PR BTGRELE Blealng Bhbrs GhUP g AR are based on
the gedbfi€ DN the ofanisid.| ikcdXxB&hodsHavaRlivxesd {ro tedious and
guadr upl exes), etc. Because the %enonlc DNA of the

conve@ﬂgaaiupmeiseswe@ agBortheen blotpicand RT-RER: exenttingigdge DNA
micro3 raPh IS ENIRLRHC S ErRf] HeBl SFRESotthl o B SEERR is the
and’ contal'n sequences unique to e organi sm us,
polynidisseshaiglreacsiondPdRY nucl ei ¢ acid polyners will form
hi gher - order structures based on sequences uni que to

10008} 25 e 5 R B ot T St e RS, oo of

whichiS ir€@eSBleBEE AR IEMBRBNLS a Iﬁlc&otldé Léd;@é&%%ﬁﬁd on either of the two
intercal ators, may classif he organlsnl [ 0008] The

templatey Gireal stiands) iofi the uhlgr%mgdmmemm SlAei Sinegthg Smﬂﬁ}lﬁ@rcsf the
us d
two oG Brish RPELRERAIE oF ey 0 i B A T ERCHE A Brimers

bind tb@n@blackés vl aramd peolared lo@emeftab dyutsionsarsdcd g@ﬁodﬁMDNA PCR
portions, a_ nonspecific stabilizing portlon and a

using §\a@\:4 P%O%HPFPP% ﬁesu}% myhg syrANSHL A ficatien ofsirublecstyapded
s M EIBL R B In b AR B U B Bk by
nucleqsmtet sequenges chespleinentage ftioe twopprinens, ieo, sloews df pNAIflanked by a

bi nd.to seguences .c Ienenta L ts own uence,
first RREE LR S oG G Rep s YA (Grblat 438 Aetad primer
bindidg2H@tIN) thé 3-4RIUA h/ othé:d gelnsﬁlﬁc beoakspldt. al | ows the
specific portion of the primer to bind specifically to
several discrete frlner bi nding sites, i.e., sequences

(0006}, Hiptechich eapgnenialishamplifiasidN i 1 mayehe, used tordgteck smpld agoknts of

genon%c.n?at&gzﬁfgfogvg\?glﬁg c%ﬁEr’é ﬁéeg r%@“% ﬁhﬂ%& g%toz{é é@e‘éﬁfc%ﬁg‘

commeBgdaEy oisequetees c@f&n@germnﬁh‘,\lﬁqatammlvahd] aielkmmrnfaﬁd btdeRet the locus

generatjion of several |st|nct sin Iestranded nucl ei ¢

of mt%{e%lt boitied g th i‘tHIeca@é’ﬁ‘gX b s for thidptertionsand glassidigptignyof

knowh Bfg%nﬁﬁ{sh 94 otl'{epglgﬁis 8 11?‘%{1%&6’1‘15 tr&;u&’treﬂ kd o uess the
waveform primer, th ese neth waveform protiling

classifitdonuifithe argarssvér.al the ypprepriate plalr o€ grimarsgb |uB¢)qat01r tmartyo

rovi. de e .copies of of eral distjin

suemfis A plSesehe B a0 s G eg REPCR Pis Brdkl Sty
investEEuRIras oBfairl g uiRy e BFARIN HBLt BE Anpiaed DNA 2tR@/thidd i@fbrmation

containing the genom c DNA of interest prior to the
aboutftha spauenges eoroplimeriarto SrpMofpriaer ysed idke anpbisis- of

linear anplification conprises the follow ng steps:1)

denaturing, i.e., providing conditions that all ow

denaturati on of doubl e-stranded DNA into separate or

i ndi vidual single strands (e.g., each copy of the

- doubl e- stranded genoni c DNA denatured into two

singl e-stranded genomi c DNA tenplates); T) annealing,

i.e., providing conditions that allow the binding of

conpl emrentary single-stranded DNA to each other (i.

t he waveform prinmer anneal ed to several discrete

pri mer - b|nd|ng S|tes on each S|nglestranded genon1c

Y o,



each denatured genom c DNA tenplate. The final step in
the cycle, elongation of several distinct
waovgliersst r anded nucl ei c acid pol ynmers from eaetm/bszmsl026704
waveform primer, is perfornmed at ~72C using a
10007 SR B sofpcdotind A BRI b or Bl Sk ling were
develqjedpiseet be., $lmneetabd df whvefotm ptuﬁlmgcdesxmhéd o Japapess Pateet

ApPIETRGILEEtRr AT O3 aPe 200t R ). WP BT Tabine methods

providd VOQ_‘}SQO ShA19Rded RYfleYefoRi ﬁa@ﬁﬁly(@%r Iﬁ@ﬁ ihlaed iBmorganisms

nucl’eoti de” sequence conprising the nucleotide sequence
such agfbattiena)nsntedus requpnngrbe 1ri\restmgam to HmDW@r gucﬂgltlestlamfd:edon of the

| ei i d.polyr
organificpritide G0 TR SAYEREE PR enaliyrarie 4Py empmic
DNA bh&eﬁﬁ@éﬂﬁsﬂﬁ asiff nful@ple edbl@snom utifge grenerdnd thiNAvd eémah@é®strands
that was downstream of the genom ¢ DNA sequence that

of theigsnerdict]dNA asdempltemtpHnensky angiliy sevesal Wissingigrieglesiradgd gucleic

i L BB A SOIRGIS 5 LU SEELE0RRE i gamptenc,
etc. Bromlseitite gemiochi DINAref thalosgnmmISFUSS@SS tha eerglaiepide irésuiting single-
stabi | jzing ortron the waveform prinmer. The

strandqd RugIeiciaFidP Ly Wil ﬁghsaart diFoBRIR $YUGRAGERBIARS 5y th@Fganism.

Thus, %%ﬁg% Isrrmgreu%aee%m So199bR-willr oA &fbherei Rt gmefearés based on
polynmer to form higher-order structures and prevents

sequendes uniswe o the cspamyat Adcailmglye dsteetamiefduchunhigie higbérdorder

ol r.s _fr,om bi ndj rmpringr in ..
a3 XRRE S e B AcRRBPlity S oS et Blarbfbepiitppgtators,
]naycﬁﬁgfﬁﬂw %ﬁ@@@lflc stabilizing portion of the waveform

prrner e singl estranded nucl ei ¢ acid polyners are
used as tenplates in subsequent cycles of

l0008b rﬁhelsﬁY%ﬁkqlﬁﬁlchﬁHgléégﬂanl“é eaff acithpplymersaare Bspally produced using
a smgie‘ ﬂh@g@xe%e‘n@ralﬁw gfag%*gﬁ érmﬁ?%ﬁ' ét&’x @gﬂ&%eﬁtgggéedr&]@ngm A
wavefdrm princt gemengbecmtstsmuf geto rpunioes ca mmmecpﬁﬂ gmmhsmg portion and a

ontai nin seq ue to. the qrgani sm
specitEcRATsR.eAS €5 ?%rr@l Penspegiis sinbiizE RATHOR Ay Help guide the
forma%of ﬁgﬁéradr@elt ﬁﬁ&ttﬂse 1A @USdst, Qﬁ’é@&&l%\bﬁf&f 1@6s'tﬂ@ﬁz§vefonn

bound to pri ner-binding sites. i'n contrast
primePORpecifivahobing tosdquenygs n@nhbmn@tm@rlm dwn shguenste. eras gnigth of

the waSERRRTR e o st 50D Rl TR TEARSDs e

specifRESUHEOE 85tht Priee td Bind B}Qecﬂic&ﬂp it Bavet) G&Zﬂetﬁﬂﬁher-bmdmg sites, i.e.,
si ngl e- stranded nuclelc aci d polyner contains a base

sequeRGes GEMPEMEHIARY Eniba tvavgfory paimes qalenghe dength glehgromipRATA

templ&t@”%é‘%ﬁxdtﬁ %engtﬂgfr{xﬁéé‘% Q{y rf% i enf: g@mlrg%tgggoﬁgem

smgleasﬁqudmbmomceﬁkm tearplareiblioved for shet gemenationliof §exernh tilstlnct single-
nomi c may be conpared and dj sti.ngui shed.
Strandgg §E‘PTPIB é‘&%&’@‘%&sttﬁ% BERFTAH ‘\@Biﬂ @§“6‘Fgé%&}HS B\"’th"d

several distinct single-stranded nucleic acid polyners
[0009}VIh hddiNbR e liZMd bwsaabn@bherer ttRest %é@hdus%wav%ﬁﬁ Iprofiling also
structures, i.e., npl exes ., triplexes an
utilizet mrrab%@i@@)f lmeammpéuﬁﬁgtlcuhte m@wgemltmlnqtme%qfreaddeﬂseveral
dlstmc(:jt 511'1glle gt'raélggc?jnu g’lc% i rpeg%érgqflﬁrg{/oe e hl oglets %%H}% waveform
pnmeﬁ&r@bﬂho&d to&ﬁso&ﬁ@ndﬂoﬁ&ﬁﬁmgﬂﬁ gahordichDNAejﬂlntﬁfbbt pridg to the first cycle
nper.atures (Tm endlng n t he base, sequences, of
of lmesar ﬁ@Phﬁ%‘tt’roand@& cara%r 2 figeag amplibispioresagnprisepthe fplianae sieps:
t he uni que genom ¢ |nfornat|on of the organism [0013]
Waveform profiling generally requires that the nelting
tenperature (Tm of the various different higher-order
structures, produced using the genom c DNA of a
particul ar organismas a tenplate, be determ ned and
recorded; this can be acconplished with the use of
fluorescent ~agents that |ntercalate |nto hlgher order

™R I A R . oy




waveform priner, i.e. the dissociation of higher-order
DNA structures at different Tm are observed and
WO ewoenaBd’ t o produce a characteristic "wavef or PCT/US2005/026704
profile"” for each species (or strain) of organism
. C . .
1 derfigfige, BEEBEVdhe doaon B TP R 5 O AT SR N imo
separ@€dr Blldbﬂdlqnll emglermiandsr{g &, elapiecqmnfehamaib}e}stsandny gbmic DNA

used to dete t ni le and to
denatyfed iR Gyp SHE e%t’(i%ég?ﬁj @ea% éoanrnr: Hgal ¢+ proyiding
condiRb2ARAS Mo PNHe GRRARP &F c@%lérﬁ&ﬁ:ﬁ& %ﬁlﬁfetélmn@e@ﬁm'ﬂ) each other (i.e.,

organi sm|[0014] Oie of skill in the art will recognize

the wavedernpprimer anmegled faosaverad dlacmmﬁmrfhlpdlog siltersmgl gaeh bogle-

s B RS B B RSGS  o SRR S

DNA?Slyﬂigréfs%Qﬁﬁdtearéﬂ) ﬁat%ra&ﬁﬂnﬁérczealﬁdﬁeemk@&@mmmpm@ DNA,
he organi sm Methods of sanple collection and genomic

(.8, EvArabdistipettsingle-siranded opeleicapidnobymrss elongaias fiom eagh of several
wavefBih prolfS Pyt Bl R Fieg HREkE LA ABRTOPNA RufiiD)
one of the difficulties of using this nethod is the

[0010f ddurirrgamertlyclcaif haeziramgﬂlfmamm thegempenatire of thg@emmm IDNA is

increagé(f gcé ,gtg 93?[6&%%;5 4 or Fzé; coeé ﬂg&’ﬁ @gﬁ%ﬁiﬁh@mm two smgle—

strandé’a‘g&fl&ﬁlmmqﬁftéﬂqbﬁ&s mghb @@ﬁpe@ﬁﬂreﬁ@ sib8gLchfly deéresded Q@g to 25°C)
classify organisns only if the organi sns are presen

to allaw wiauefgem primses to b(u@d ©. sevmbdlmremnmeobmgﬂtﬁ)s algngtihqlength of
each d’:‘eﬁgt n%q?lgrsnsﬁ NA Hemé)‘? B Ji‘lcl)f: ﬁgz{ Step 1h¥ cfy%¥ gl%hgct onr}g several

yinhg a Veéry unbe >organi sms.

distin§tQiHdid-sthaided ﬂuﬂ@ib)amd\/ﬁﬂﬁﬁa’é ot &fchlbotigd Wavdtoss paneRr, is
generally not useful in detecting and/or classif

perforgedgt g&%y%\%ﬁlbg @ pebymerasesiil Tahpolpwermse. eAfer thilsnﬁ%a step, the cycle
e LA LA ORI Bl RS 0 My o
denatiiredrififoat the gendmicdWEAaemplatesfand ba@mmhgid-straﬂmd nrueh;w aceb
a large.sta t|n sanpl ecause PCR results

polyméxs, YRR Sch AR FERen BBk 2R 5@%&%&&& - 3Tclectide

sequeﬁéé ifprisg thd ﬁué:i@(stﬁfétsb&’ﬁbn@é ofPthd Wv@fﬁnﬁﬁﬁ%?'ﬂorﬁ WhivkBhe single-
nbers), 1t is known in the art that waveform
stranqu @)ﬁqzllengsacpi'mdmgdwwlwggamde fcdbmgklémrdlgmt nucleotide sequence that
. str nded
s congieRpiad b P relpdiof R fherreiPR oL e AR ERPli g wes
downﬁﬂafafri &ﬂth@Ferﬁ)@lﬂ@ DNA SEfilRECHEt HRRE to & waveforriepeitiity € Sl each
Chip 0 CGenopattern for 2 1st Century,"” printed
smgleaﬁﬁ@n@%m}cll% p@d PRlymea gameriess the segyence of fhegy pesforpbprager at its
i

5o BEATHATE ST LTINS i L ISR Sybin

portloﬁfolf tia wavef@usprépec i B monsgsdcifad Snablhrzfm@pgmons)lﬁ'ﬂ)e wisvefigrm primer
erature (Tq& anal sis of s

gener%ﬁb&ugqsseac i bisgipystrpndedpisisineeid H9‘é’ﬁFFB’n hrz o sigucures
and px‘emtgﬁfeq@wnﬁyteﬁ) nBRd §§1%}’eest%§&f a8 ¥y ?)BB&IYETQH@H Bihdlfg to

hods to overcone the requirenment that t'he organi sm
any wbeefpmessmer imsubséquenteyalesoéamphficationnpl e f or detecti on
and classification. In partlcular t he present

[OOIIL%GE{] %:Iél(ﬂpop t O\rlllmqsp%m RS ablhznr?%é)%? % t%e N vEfo?rggj%tmearntﬂe single-

vvave ormpro S suc

strand@@ uéleR heldegosyrners afe rREBséfBa/s toplatR o PEsagefit cyddes off
skill in the art wll recognlze that the present

amplifiggiionaafheathseycls At Aty 1§inean gn aihen wsdwaqh yFledl
for the detection and classification of an organi sm
even if the organismis present in a small nunber,
e.g., thenunber of organisnms present in a sanple, even
at the onset of contam nation of a water supply or
source. SUMVARY OF THE | NVENTION [0018] It is one of
the objects of the present invention to provide
nethods for detectlng and cIaSS|fy|ng an organlsn1that

oy o S



di stinct "SGP nucleic acid polynmers.” An SGP prinmer is
characterized by its length and ability to bind

wapweilbizenl |y to several discrete sites al ong PEEUS2005/026704
| ength of the genom c DNA. §Since an SGP primer does

oo o B AAPEEY P P L S

nuclei@facidii@lyriete Bbitaininpaeqaenices edyes @l theloanemei. &Fequences
primer-binding sites on, #ﬁgé S|nﬁle stranded
complgewamsctoqun@w fthe gengnaic tergplgfertbrt Segdnstesa@ qfyy
t
wave QHRSENEDSo BIR ELEADL R FRC 1RS in (RAULE PER efom
proﬁlmgcﬂleﬁl@dds@nmw do neisresﬂIblmgpprmedtlahgnﬂ)‘hfmtlon of the several distinct
si ngl. e- st andeg GP nucl ei.c. acid g yners, %? SCGP..
Smglepﬁﬂia qd %HC c P PIYBIFE SRnfaiRing sgdye ?quugﬁa SreryE™-
primer (in a nodified version of PCR i.e., "nPCR') to

[0012PHa@M/stnBR- s%ﬁﬂhécf heddié Adld Pblyney @bmthind iaBasd WehuendeRomp mentary
nucl ei c "acid %ners " each of which conprises a

toa sqquem@oxf |acg@n@,1@qua Adtemplatg thebis doynstreans elpwarefosn pgmer bound to
several [egi 0

o ST SRR TR LB o BB e

genonﬁe IDNA)QhMWbE csmgmeaaﬂd HRtingiisheds A5’ desdribetl ibows theemakiple copies

of eac@&t}%q:\%ﬁ@ ﬁlgstlgf:tl a{lrxgée %@1 oL n:qtélzlc qg@e,é]qj&tag%tv;lﬁ\{gtrérsact with each other
to fori . lsQfct@ies liRE S)?erx%ls (ed$ Sﬁip‘f@(tes A reRiplekds ?'c@rhgnsmg

acl yrrers conpri’sing a nucfeoti de sequence o e
one oﬁ@remnmstrmrwd ﬁtsenctemmammymmtﬂ@éqﬂmmamuclm acid

cu I. n onent i nonl i near
structyigs R e e G e s LUl Ay rpertures (Tm)
depenﬂﬁltg%tthé‘Bﬁ’se%E&\ﬁa‘ﬁbés)’oﬂsh‘%lélﬁP@ﬂb@ nbd¥éic Qkidayd]yah&aiies Based on the
even if the organismis present in a small nunber. One
unique genglanir finformativa afithe Qiigpmisecogni ze that in practicing
the present invention on RNA-based genones (e.g., that

[0013@ Eyegé? eSPé‘ef? #‘lgken all x"egﬁﬁ?‘soth%@g§ %{?}“ﬁ‘g t%ggérggxgé m{g) of the
variowdSsisfiercat e gl"ld’ﬂ?ﬁ‘d%reyﬁd:ta&s #ro@aeH using the)gemotriioDNA sba particular .
provi des half tie el ongatjqn step" associate | t
organiSHA% t.%lﬂv?aéwre. preERined AN WP@ di this 438 bg aecngShed wit e use of
ﬂuorek&Y)? dn®thatiRRrdaBiOiio Hlfgh&‘-&ﬁelf BNA #RicRIr&N 98T it calators. The

stepassociated wth the final anplification cycle
highexomipr D3 staictiges gasmtédbyt waeefomn pfodiliap In}aythced@ema@dév

increasPBs ey HTE St BT /5 DR D BRI BT Fcrgl Gfsociae, the

fluorcSdAt BYenPRinRrdalRE h theeHigHenGrdad suctth@b vill k¥ dissociate. Melting
el ongation step in a final anplification cycle, Such a

tempefgife- amakmw@ﬂqsﬁ@atrats f shangeof Puergseapceintensyy phiaied dyithe
i
d1ssoc%<tf%)%no%%ésglh (@gpgfdet&?tleclt%gi {?J %EBP%% u&?fl?%ﬁ]{iwﬁrwe@%% afld
produeésmﬁga\tdf@im thiat ish@iquecd eieqzeacinit PNAysfithe drganisthendIteutilized
rimer to the reverse c ement of the SGP prjper.
wavefgﬁmmnsqadret Hiscissoeinton, s# SRR A g gt Btﬁm ThS rlgn are
obser\(e erE o Frodlide EQh%a@t@flﬁloo%Wr& ‘Proftdeh lfoxh?ach spe01es (or
uce rom SGP- SGP nucleic acid polynmers in
stramhcaﬂ drgnisme, sg.epactdbiae Bfusska\lelfomnpnoﬁhngmay\helulsed @cnhgfnn 2@nique

erforn1n t he h ation
wavelgff sioflé i ech G@pm 0y arscaispl B R daerftore arsis may be
used t8MRtelf the @hiqRB wikéfdrh peofiMedhd tedistifushWetwden mic BNA isolated
nmPCR, many copi es of each of the shortened SGP nucleic
from ffst organisreans genemicaNyy iselated dronng s¢cond Reganism-duri ng a
subsequent denaturing step, the shortened SGP nucleic
acid polymers will becone single-stranded. Utinmately,
t he shortened singl estranded SGP nucl eic acid polyners
formthe higher-order structures that are detected in
practicing the present invention with nPCR [0021] The
present invention also provides the primers used in
t he i nproved net hods, and nethods for naklng t hese

T Y I e -




recogni ze that use of an SGP priner wll effectuate
MPCR. As such, the invention is directed toward a
woredohaar3of exponentially anplifying DNA, the nmethos2005/026704
conprising mxing the DNA with a first mxture to form
[0014§'br?er8q4§1égf 73 wl@ zggugﬁ m@?gﬁ&g&&;@&?{,ﬁ% W KEdHrorofiling
methoﬁrthzhtlpfrodmést mWawﬁagn |pt<sﬁle,ta ﬂppﬂ@mntahmgmnmmisrmm'um obtained

denaturi.n 1%the |IfICCﬁtI0n m xture for a firs

and the gaRTIcdp N st D8 ksagtedhand Rl giont fhesrmBle cpiapTpg the
organlfs{'hr Me®6G05¢Eka EdNeBfior ABeenSRODRIA BGracfin and isolation are well
[1fication xture for a third length of tine; and
knowmﬁptéatartng the steps of denaturing, annealing, and
el ongati ng at Ieast once. In sone enbodi nents, the

[00151E rovEt??otvef s%'{ grm gﬁ@ {{?lreréeﬁ:té] \ezva\szt af tq%lgﬁr;reetlf.eggn linear

ampliftoa0bhelsr the @ifEadEesS] lgﬁigaﬁlsfnﬁ@mm@ t1g=r RYPir &S ifGitd 1@ge
of the nucl eotide sequence set forth as SEQ I D NO 5

startingrpnquskohgrapate PHA Femibapartisuler preapism-s-gs tBDaN@bs fletected
h

and/ot Qagﬁ% ?eog’@é@%gﬁgs%gvefo?ﬁ &gﬁhggﬂleg%trdg gtﬁggggq% fgsa%%ect and

classxfy&ﬁgﬁjlsrﬂmmlwf the ecgammzrsfam preped in largeonummicnog. of 10°loe more

j nvention can be to det ct t bsence
organﬁméwﬁh@ pfiveRsaple S ik e st.?@ra%twg @%ggﬂﬁ@ng a very
small hilt®er SR gdndf@Nt i on provides a method of determ ning
an organi sm in a sanple, the nmethod conprising the
steps of acquiring the sanple; subjecting the sanple
[001 61 dAaswrdingly, wavefarm-prodilio mytkods jaresgengtally ot usedilon éetectmg and/or
ctass SFEL bt B L 0P Wil 85 iy Ve sy

or soulﬁcfd drelic Grivet eftdoarandnglonf iAddiough PCRagentcsolat tl&ﬂpﬁﬂﬂfdn&tfe
concentrations; denaturi ngl the anplification m

| wavefafmzpr@ﬁlera metBadLihat ARG ARgERIATRE 129R0¢ (hespuseih Cresults in the

expon yﬁ%cﬁttbfen SR gér{o‘ﬁﬁe DA g}uﬁ 51‘1’6\’% ﬂ)tr i &?&ﬂaﬁi of organisms
tenperature for a Second | engt el ongatin

preserit i smafh hivfabera}, iitam kmb\xn ur the att thatt\#aveﬂannmrpﬁleapmdacédmsuzg the

complyichiany foigpie-siftndsd Preger SN A B seit SO PO apapliticatign are

insufflcRRe &1 dMBsilori i &&ﬁn&fuleﬁ%@ﬁ&ﬁfc‘ Seguehias (?8@% Jbodbye DNA
el ongating the anp i fication mxture ourth

Chlp,tf@h*pé}@pmt@rm r 2é ‘Ceurry” Ipemg‘d land flistritmtedejiiatlgens Gebdite.). In

other ngéc%ga %nﬁf Qg £ 1c1t A eg@%tshtf o@g}gfet(}? &mghrrgf c_hffegentlate and

classiSt gen6iniy ﬁhﬁteh}ﬂ ((ffbﬂi vapub hpec%ﬁpirlsfrhmﬁbf Orpaiiisikising @dlting
detecting the absence or presence of higher-order
tempegatpgedil m)@galym ef dapdard BCBraedyt®e of hi gher - or der
structures determ nes the presence of an organism 1In
i ; f | dnhi8)
O o e o O e spsibed
wavefabotprofiddg methpéetotdviercdmegheg taquementithat therorgawisidre present in a

o SRR 6, ARG s S8 SRR e
providds Siovel dRprovenifits4Rat adhbtAdd ufdra8 wial e fm-pd¥il@izemethods such that a

enbodi nent of the invention, the half-tinme el ongation

modlfsqdewwn of RCR appydredncasnerated. Qneefskibes thearbwall ecpgiipeijat the

preser[t ﬁﬁlpg)g{eglr%m!s 25] w%(zef?h? E)%ﬁl%{eggrﬁéthgag \?ﬁf %f gx?fogl ik (?eqéjc'tltoh qhd

classifiedtidhrof age otgmalsﬁi azaiif the @tgaznrsnofs ;irésemangmm@lmurﬂbu saagmthe
enbodi nents, the third and fourth tenperatures are the
same tenperature. Additionally, the invention provides
nmet hods of determ ning an organismin a sanple further
conprising at any step, the step of adding a
detectabl e agent. The step of detecting in a nethod of
the invention may conprise performng nelting
tenperature anal ysis. BRI EF DESCRI PTI ON OF THE
DRAWNGS [0024] FI G 1 FI ow di agram del i neating the

.




[0027] FIG 4: Sequences of each of the SGP nucleic
acid polyners to be generated using the genom c DNA
wae@oepoismer of FIG 3. [0028] FIG 5: SequenceBCDUSHa®bR6704

of the SGP-SGP nucl eic aci d7 polyners to be generated
numb 3 CadHh AR b £ Pl pitfic BREL B CORARnBo o g water
sumﬂﬁﬁﬂxﬁﬁR nucl ei ¢ acid polymers (not underl|ned) and

shortened SGP nucleic acid polyners (underlined) to be

generated after the SGP-SGP nucleic acid pol yners of

FIG 5 are subj St{MMARY ORIHE INVENEI@Ngati on st ep.

[0030] FIG 7: Distinct patterns (lanes 1-10) of

- I

100185 S8 P M ) 1 e PSR SO PP BPETE R Rfectng and
classifyieg an dmgamismghat(‘ma}cb@!lésdnangée&mz(ll allreberQSIahdhal @arlysifety and

.either SGP mer or
quality pjsarangfegaling g A \gﬁtec(wrp% LS a‘fP Ry %?Pg%%? As such,
the 1n¢1é]ﬁ10§%9@\’1@és‘ Q%E&fed%%tﬁ&is e cﬁlﬁéﬂar@&i Vhesdiz s S%%lﬁ: défome
agar ose g TAl LED DESCRI PTI OF THE | NVENT
PKﬁHF&ﬂSQP)The present invention provides inprovenents to
prior art methods of deternining and/ or classifying
[0019ﬁ rﬁnf § lth ugé@f ep "‘@t’}@ﬂ;ﬂn?é}” for ih% hﬁcatlon of several
ecess 10 prOV|d es tHat ntarn a’large
dlStlnﬁUﬁﬁH)fnLﬁ):ﬂelOﬁ(gépbmrs T rArpﬁGPIpc:mieaus cltal'e&termd! by iitstength and
pr Qv ovene %i 1o a nethod

ablh%ﬁod%mff RGLACHIRE 19 S59F diseites e Aone O gP%“ﬁr&?P?m}chNA
Since %ﬁﬁb}ﬁbﬁrﬁ&l dide nbﬂmﬁxﬂiﬂ%g a%hfﬂ%fﬁcts%‘ihz%é ﬁ&’hHﬁt S$GPnucleic acid

fied version of e., exponentt al
polyxrmm(leldmgmd iftom thie Smhprlﬂihs of iy iovenrhontbound ta mel\nhdle&trgierﬁGP

primet B R g i 1 PTERH BN GRS W PP UE Tep|o Sind SGP

primetd 18 sRbRUEI afplidtatdnSictidhs.SBedUENAHSSP Peineer &tayaﬁﬂesbemﬁcany
nucl ei c acid polynmers derived froma subset of the

to commlemem@ryarmc&poadc §aamences glamgdhplengthof smgler steanded PSP gwcleic acid

r.o t
polymefr a?grdrli % I o?r e{ﬂj %ctuﬁ%%a 'bgﬁ o%?\?ﬁ'ﬁ a?‘lg'i'&ae {ézmtmer Igln a modified
verswﬁll’tﬂ/PO]R G, le(;lSﬁ'llPDRi’atd dfovotheamplifigativrsef seestedibtiich ESGP-SGP
organl mis prese a smal | er, e.g., .the
ucleig IO THTETS "Garh %ﬁ‘ghlﬁﬂ EQBREISSSR ralcgtéﬂﬁqf seGiideriderfigaidp the
sequefife GFURE JTLARLA %%1953 &F 2tabilc I§Nﬁpth¥t ard Bﬁcf?&@@ 698GP pnmer-

I nvention thus ovides an inproved waveformprofili
bindinpgifesd.et, lkath S\GPJ:SC&? oudleic peid\potyinmey sqauwlnm basaas sty 6bmxhthe

enV|ro
sequefy ol S0P BLEonas 31k eFAS PUBPRTER  BEREE primer.
Conséqllﬂéxlxtgdh APlifibatfonTithd deVbia@istifct ST SGPH}%ELelcVﬁicEﬁolﬁmers
ti ssues, plants, and foodstuffs. One of s
comptising paugleetidg sequqr@e b e SGR prmer and the savsrse complamang pequence of
the Sd’}l§ H%‘n%i?‘ oéc%rsalrlmlI 'e%bg&%hgmn8£¥£e%@tﬁ%ne§n 93%% @rgﬁh&%s&gtthe present
mvenﬁ@i RCdeten am'ﬁ cl&ssSﬂy )0 Qer@ﬁ’ﬁ@ﬁlNA bhan clghmisin] mnflﬁtHemmgamsm is

anplification of portions of a .single genone, or .snal
preserf B smalmupibRb eRc of a3y thepr gyid resDiive Ut Praptigng the present
inventicttbr RRE|-Bhded é’sz('e ) BROFATALViluSH .96R0EH &an%tfomgacuon
an organism é&ven If the organismis present In
should b pérformed arior lyybqpimmglS 6§ andpreassogated mPER mles
wavef orm profiling nethods. These inprovenents i ncl ude

ooaa L BB B0 of R £ DBl BE SR i v
ampliAENOnE§6lea Tih tha:qiresehalhf/cﬁtidﬁetmn@@abf e $dr@he eloRfRBA step
i nprovenents permit SGP (i.e., nethods using an SGP

primer, mPCR, and a half-tine elongation step) to
result in the generation of distinct nucleic acid

pol ymers ("SGP nucl eic acid polynmers"), each having a
5'-t0-3" nucl eotide sequence conprising the sequence
of the SGP priner followed by a sequence conpl enentary
to one of several dlstlnct reglons of a genon1c DNA

N o, . ~~N~ o o o T |




conpl ement of the SGP priner. After exponentia
anplification of SGP-SGP nucleic acid polyners, SGP
worayeilotsipduce a novel hal f-time el ongati on stB@I/US2005/026704
generate shortened versionss of SGP nucl eic acid
| : i " ) | ei id "
assoc ARG (e finaFamp i EA6h PR ST Rl Ea@O R TEBly the
decregre i thededilfoHfime hieapprgamasty 4@-60%e choas ptefirablyithe ddcrease in the

tenplate, SCGP nucleijc acid poly, .angd SGP- SGP. .
lengthefctiras ts aa_ew&lra%tff&yréz}/g) SR B Pl BE e AReIon siog B 2 fpal
amplifibRidA FaR! SMth FRAIH% S8AE0RIRS @Fi@ﬂgl WACAHSRate M exponential

resultirng SGP- SGP nucleic acid polyners are used for
amplifibaiogerf @natyi SEP-SGPshotd camd pd@Rernisicause there ovild bk ynsefizcient

. uring.the_hal f-tine.el ongati.on st si. ngl e-stranded
time fEhEPPEHSR S64 I LREd BED b GPHEF SUR MGG B froase
comp RERMESCAE SEIP ! THuBShexERAVEHBioSf S muddi€acid polymers
P
S|n%:e-stran ed shortened SGP nucl eic acid pol yners

(“shorteyresh StiRyhienieio peid polymargd il He paadiiged fromn¥G B-Sifemucdaic acid
polynhl’lelrr]slg %gﬁg é@t&égi%ss?% 3?%6?6(?551( o{rﬁ%fé% 5‘@311%1 I'%eectogﬁizg ﬂ{at,%fy performing the
half-tise€biasibti step s alsdeqiidre neskvorat byiles afeixfommmktiyhamnslifacadon with the

.unique to_ the organism Consequently, detection of the. K .
modifigde eaviem et B B~ BPHE, mapy GRRIER %Qéaf% af g‘ﬁrs Olitmeﬁé&;l’ rcleic acid
polyxrg:ﬁ*ﬁh%e SehEGH PNdRMHa0Y, fr@SS s&ﬁ%&geﬁthﬁnﬁﬁﬂﬁé‘ 5t8pthe shortened

detection can be atconplished using, for exanple,
SGP riuclaie asd polyniens wiltldcamersigledstrauddd. f UBinRER, (heBiBRYenef single-

i e none . Profili [.PO33] Ma GP. nucl el ¢ gci :
srandgy RS ETRE G i Retsr BT 0° Moy e e Beefled i
practiBialk YRESrescAD thveRdr WRReFEEE nucl ei ¢ aci d polymers may

be generated using the nodified PCR (nPCR) of the
i nvention. Since each of these polyners- originate from
[0021} heqseren| invemiosatsogpyides the primersised iy theimpyoved mrethods, and
¢ . . _
R B i
amplifitdtion aby cédse die vaFaR lity oSV ef@ne paffilsiginhdthod Infome @nbodiment,
will recognize that the materials (e.qg. lJf 1 i O
an SGFeppyarrd yictmyentiondyas e Hpesgiate & fﬂﬁ%#@ fifNOS1
anothW&lnhbJaRAN, AEGP oliffl: bPthe!iFAAGDA hadihd ntOIRGidd RfTerRE set forth as
PCR. For exanple, the appropriate concentrations of
SEQ BhpIO:53.cati on reagents, e.g., polynerase, dNTPs
reaction buffer, etc., to add to PCRin addition to
100223, 1§ ofERFORRABIERS o inP e Py R dn B R bR A Gt

profil&igPthe phpalvememaiprsaig the usy ofl Mt SKER plimenr A skilled artisan will
concentratjons_and anpunts of ag&lification reagents,

recogpizg that pseenfgam Gl prwer WHlieliesdiata@E (. | As suchnthpdyvenppgns directed

| £ : L L .
ova RS )P TR A0 RACS ML B 0 YA
with dfirstief>aureito éadnr aaanplfidayion nekiutd, eherain iledirst hix®B4 coiBRses

.1.s capabl e anal yzi t he genom ¢ DNA of organi snms
multipf? §SRs O 70 i PBTHAHAPES AR basasrLS HupRTgEaT
concehBR&tidtCSeraifing tRPaRp1i 260 nliRuAN@r 8TRQAAEABRRNbS @el S ealing the

present invention, the genom c DNA of a single .

amplificajomi exiure forpr ssoordklength of dmeg elongatipigdheamphifigation mixture for a
. uf fi1ci.ent apount. of, short d_si.ngl e-strande 2]

hira ' PR S e i e G Sl AR P it
once. fIarsofh@ le@tbotd@ients] IHeSimpsolapteat fittheheompiides Settepodf HaGRime

results in the_ exponential anplification of SGP-SGP
elonggfips. dp othss prbpdimpentss theRCR prmgehasfa nugleodde peaqugnesrseleqied from

SGP prinmer to bind to and anplify certain SGP nucl eic

acid polynmers in a manner somewhat simlar to

conventional PCR However, there are two salient

di fferences as conpared with conventional PCR First,

the nPCR step utilizes only one priner, an SGP pri ner,

whi ch is capable of acting as both a forward and

reverse prinmer. In contrast, conventional PCR uses two

Y



of one SGP priner that is capable of acting as a
forward and a reverse priner. This characteristic of
WO b@eS@B1primer is a function of its | ength, wWTNS2005/026704
all ows two key events to occur: (1) binding of SGP
L8tihOoFfY ShAkotieSch Bl S0k LISEQUDINDNN SigliRs
thegﬁ%ﬁ%ﬁkﬁl ?%g I e- str%néﬁgEl engnlcoDNA tegplate and (2)
nucledtidediequpnod ses@tlpas MﬁDtND Bhe s@ptherendiodimentothe method further
e erate ne cycle of nPCR)
Conmégﬁh”ﬁﬁ¥8£§tges mﬂﬁ 38?%81 c&8Ytlence conpri sing

the SGP priner sequence and the reverse conpl enent of
(0023} 1 [REFTodl e foki-profilihg Snethaslt d Md inveRti@0dandR used to detect the

sequence. The presence of the reverse conpl enent
absenesQseREBCH P BiBn dSISTTREP 2R PELATIEN Hcd SAHIE-y RBys, figdnyepéion

prow%%%%ﬁeqﬁ&f]éf cfé'témﬁﬂr]rg%% o@%ﬁlgﬁgﬁ al%ga h‘plféer?ll 1 a? Ic(glﬁp%?mg the steps

of acqﬁﬁit@r tlié saimplé I snbjecﬁmglﬁieeambreaﬁ @eilacHGR: i9E@Bduting eifiest avkire to the
[ t he expongntlal %gpllflcatlon of
sampl i, B an sl B IBHTs WP olp et SKBRGeemirdits multiple copies
R6ntPdtfof
of an %ﬁgh?ﬁﬁ' afid %PP%?EI%&%&)?#%@BS Bf 4 tpgfé't@é’de jee V\tl tS hgrdgnaturmg
the angdifieasominixinrefag a finst ésmpdratureday efﬁ@st rh;q@th aetime; malmg the

s RRS S Be  sS s BB AT BBl e

ampliBE4H3n hBRRepd at a3bHd @érhp@ﬁt%reafoea‘ﬁﬁﬁﬁl&h%t |of&1ﬂle$ﬁi§eat%[gjtha BRps of
characteri zed bé@thElr | ength. The th of an SGP

denatysirignainepking end eloagathiecH desst enee; Iiee%ﬂﬁl@sd g of dspaturag and
anneaﬁfé%e Tor ggééx!lé IS 2 %le tliea;c’ﬁelglf)%l%e %?ﬁ ?du{rﬂéﬁ@llnhé(rapirg gocrﬁlq“ourth length of
time eglalgb absut 0o géﬁhe tihied Eh@thtoé’ mmiee(hel,f tmm:ielbmgmmﬂ)a atlbwing the

reduced Ien th al so r ncreased
formafipry gERigh¢rray ?WC@@%&&O {1%315 ?ﬁaﬁmwyt%% pndydgfeeting the
I f
s o EHUE o6 LG A S8 O AP
structwres|deameney 00 piseiea! sp ecgaalsnt hlarcae earbiodimang obthetimeention, the
fouﬁhﬁg@e?rla q,llstrﬂaéntgwylﬁgk%rtnz? fOélrethlllS %gl 0 thBE %???ED Pby-?(t,fl'}ﬁg tﬁil% length of
time. M Rhdthéreaitoaingit, theRuREE dTuih&ithe ﬁgpéjerfé@ﬁl‘pﬁﬁ[rig fulldBagth

certain SGP nucleic acid pol yners during each cycle of

elongatipgRrarepested s20F5¢ Wmes wed. ,e20 @6f2% 36- 4@5/4:1 -80 §megpliFonen
e r

embodiienf G336 BiBorfon, Wl in MRS Ry ke RERAL RO o times
beforgfoavthg fdofdmitionlodhigher-B)depstnealred gIntaldéltiSQ:’thp Rilemamnﬁng of the

several discrete SGP priner-bjnding thes egﬁ
presence of i OK3ARIARAY é%tﬁ%‘fle torghissh pugTEOf the Qresnisg) JRGSMFng

ug| | AR

embodifent e B 8R4 Lol MRS Sulch e R EInC ot RLR, /REHiopally, the
mvenmmzlbromdngmetlmﬁs aﬁdﬁdngemgmwrmm Brep$aatde fumther edmprising at

any st b3t OEACUR AdE SR AR Roe e Ot ifrimadpe et of the
1nvenﬁ6191'?6hy\’86rﬁ gef}férf%ﬁﬁmg%émhgt%e@atﬂ@lam&glsl s el ongat ed,

| owed by a distinct nucleotide sequence that is
conplenentary to the sequence of the genom c DNA
tenpl at e dovgRiFFEpEsCRIPTION OINTHEER ANMINErS [ 0038]
Cne of skill in the art will recognize that the

“full-time" duration of the elongation step determ nes
[0024} TG} brigew difsramn delbmpting diesiieps i and pyrigirescsd pelimersyasulting
n e ma
from, £ Sy e AT STl GBI PRYTRE L ™
apprOX|nater the sane |l ength. For exanple, assun ng
the SGP priner is designed such that it will anneal to
103 sites al ong each singl e-stranded genom ¢ DNA
tenpl ate, and assum ng that the timng of the
el ongation step is adjusted to produce SGP nucleic
acid polymers of approximately 1 kb in length, one
cycle of SGP anpllflcatlon mould result |n 103

o o o - o, o




prinmer-binding site (e.g., site "A"), an SGP nucleic
acid polyner of less than 1 kb will be generated from
WO b@eS@EB1pri mer that bound at site A [0039] |PCBGR008026704
cycle of nmPCR nay be repeatied nore than once, e.g.,
[0025] OFICH @: NughestideDgriignge ohe theereiical genmgmse PP Aof each
cycle, SGP nuclelc acid polynmers will becone

002, . ERE T 5RF SERRUENh el o B8 AR

genorhie [ONAttbmﬁlatdsﬂwﬁﬁﬁae tdewrbﬁ@l ptimennmaledng paitrepbinding sites on each
subsequent cycl es of that certain SGP nucleic

of theglenaupssh sypede-stranged rggn%tms m% tenphtf-‘ét AW arepseRisiing glongation of
s AR AR O HEER SO BMREDION, sl R S i i
polynagcosls bbterived. bi ndlng by the SGP priner, i.e., that

t hese certain SGP nucleic aC|d pol ymers do not form

S AT AR SR SR

genorfilc/DINAWNE poiindr@f BIGSGP priner, is dependent on severa
factors e.g., the anneallng tenperature, the |engths

the SGP nucleic acjid g yners and SGP priners, and
l0028& rfel%énﬁwv%as%ﬁ%dmf the, GB@%GW@P@C@@O F Y generated

tl
i e A i S = e S v

i ncreasing theconcentratlon of the SGP priner, my aid
[0029] rFIGx évﬁmubm@stolﬁélef%MGPamcm‘ic hiid pelynerd@ot stdenloted) esd

shorteéla?‘g ?S]g;%gu el C%J%aer? Q%B é¥ geﬁﬁvr!ﬁo %}B #?{ the %&’l SeGP nucleic

acid pol@Rdrk 6f 993 e kibjeditd @b hatGMeaingatiseats are not
absolutely requi red because the factor of SGP nucleic

ymer stability is addressed in the design of
[0030j H%IGs%PD finpfgratterns (h@%Setdl@ecrfoWP@ﬁé? reelmfp%qlqiresalmrs are
t|
procuf 28 O?Eﬁ% MekptacRrACRTRRL DI BRAG (B 1R PR Y
genorﬁfedDNA(Iergef (1driee 9 GG 1Py usineg e1&ter SG@ frimarloBAFIG. MI oItSzGP ‘
. S le,. | .€. tend t ind to priner readil
pnmeciﬁ’gé @&tﬁ%) Ac’é‘Ple&P]ﬁI gesﬁh@éﬁei (Lans@%srﬁgmsmﬁega%net of select
DNA hi6oudesDy SR oh a PRAULEINEEAONPT i Sing the SGP pri mer
sequence “f ol | owed by the reverse conpl enent of the SGP
primer sequence wWithin their distinct nucleotide
sequence WPETAJLED BESERIBHON OF WP INVENIONori or to
formation of any higher-order structure. [0040] The
| J
toust} TSRSl iy AR OT0E bbb b Bifte S B e e
and/o56Rssiyinpgrirgaggue nrnethé plesentixtlehtion hés @ \netaearg adrpiogidersamples

of the SGP prinmer sequence mnthln their disting
that cmf&tnédﬁta%mg@ gauFPE I pireciaggbe mﬂaﬁﬁmw% Apprgyements
toa nfelt’l{ddeo?f M@Mg&&ﬁhﬁ? Tﬁbqnfp‘r&fefme?ﬁ/sctb%e &Qve?@% deﬂ"ﬁ?n method
binding to its conpl ement 'on SGP nuclelic acid poly
includsrioppeved painRERhaf &ffectumta inodifted aersiasef RGR ;i ire. sepmmﬁal

.nucl ei L d. pol.yners h of which has,.a nu
amp g B L I G VE e (B BT A i Pt Hso TRclude a
half-tm@Sel6nsaeiof ktep e tHefant ﬂicﬁ@&ﬁﬁr@hedﬂxkéﬁ{aﬁilﬁ)\ﬁseﬁt ﬂi’éspr&iucﬂon of a set
genom ¢ DNA ?enplatéhthat are flanked at the 5" -end

of shqateeed ﬁlegls*strge@ﬂ@en@texq Fethpolymierstderivad fromre sbiseteal tlam@céqlc acid
e [
polyn%egsﬁ%)l n ﬁcz B tlp:ymg% ﬁe%@s%n o?%@f(eﬁg a g&rﬂﬁ? Tsr:e 1&1&}‘{{3\%}5@;&% the
wavefoah-preiling kiod aﬁdwcfmmhb vetectideandadr cllatsSlf daticnsl ad organism, even
5'-t0-3" sequence that is conplenentary to the SGP
prinmer, each SGP-SGP nucleic acid polyner will also be
bound by the SGP priner prior to the formation of a
hi gher-order structure in annealing steps of
subsequent nPCR cycles. Consequently, subsequent
cycles of nmPCR will involve the exponentia
anplification of SGP-SGP nucleic acid polyners. [0041]
Che of Skl|| |n the art mnll recognlze that although

N PN o o o - o oy o P~ NN




nMPCR, and the design of the SGP primer. For exanple, a
potential SGP nucleic acidpolyner may have the reverse
waeoeovpliersent of the SGP prinmer sequence appr oxi PEL/@53005/026704
750 bases (0.75kb) downstraamfromthe 5 -end. In this

if the emm'shei,s pwsnﬂinmgpmadﬂsnmﬂmea gt thanumber cﬁiﬂrgaxtismepresent ina
oduce
sammplf g T sl GO P BTGRP of e € hels, S HE Pifseas myBrigg tysiprovides
an impRFkEA W&Qef@ﬁﬁ«?r@ﬁlﬁ&fé’hﬁ@ﬁlbékba@ Rl bfd i6 @ﬁ‘d)\ﬂﬂhngfquﬁllf@tassurance related
50- base region, i ubl e- stranded
to masmls@s (mge|eew@oxan¢malm@nm@1)tth@ttm%ab@omecoganﬁnated with
orgamsén u%@&%ﬂo@fn bﬁt B rl% e t8 f %'&gsrt{ \gllgtﬁglrﬂ)l Jdl’( ggsg% p%eﬁhé{ %ncij?o%dstuffs.

One (ﬂ‘@kﬂﬂ i the}/mﬁvll‘l\lﬁ&ogmzd: Hﬁdthe'ﬁmsﬁntanmnﬁﬂtrélaies to amphﬁcatlon of
anplification will also occur at other locatjons in
portiong of g sigleegoname o9 T bpunbes Qlf 8enORGEn#feRPPegd 1 dletestion of a
o} g
singl Rl B eI o 3% P S R RIRRAS Y Bl por smal
numbedooigehomasn of its 5 -end. Consequently, increasing the
full-length elongation tine MA|| i ncrease the

100328 SRR Cisnbite Par i B s BRL G e Pt esgopiy Rva from

an organfsnt]) €OLLTth&lergaRaMa s rsent e a 6MABN ALEBer, By @Ircs@dlhg UBprovements
decreasing the full-length el ongatiaon time w

Il
to thegpeviefameprofiling rsthads| iThgsetmarovsoenisdet sdenqyet primers, ("SGP
prim P} YA o R o PEEL IR a3 B 361 P dhonay

provigesracfaral dlgf-tine SEngation see.” ditiede MoprpvaEnents batmt:SﬂB (i.es,emethods

SGP riner-bin Si.t s w thin their_sequenc
usinggn & rﬁﬁrnpﬁtﬁq%@ge fo‘é’%? glRngRjiopEEP I %évlt inthe aglreé?tlon of
13 | - '
v SO AR B A
nuclectodet seimeran cO@Priping thersehuende nfjthsiS@ pimki follolved by a sequence

comp R e PRl Ry SRS T fgeas e N BeERp R, G aesiouta
SGP ®iles gerfehft@d@@ rERAACH FAWmMERHeBGR prm¥r, A8 mPCR to
di fferent SGP nucleic aC|d(§LIyners woul d be generated

exporfegtialparnplify g&HPsHOP inueleic agidpolyygersGraghybadng a aciod' nucleotide
sequeggép%/oo r?sni%t{he tsgcg}%hget c? : nC?GEW?e&@?ﬁce‘%ﬁgﬁﬁgﬁmthe ?elagence of

one opsEvyie dScmﬂeglohe ofurptridniie DN Otenyslatesfollotvee bl doadelerse

of the reverse conpl ement relativ 0 the te
complggpeahof the SGE prisper; rﬁtiqrgwwlesrlﬂc@mﬁtft Cption GP#&aPt pgleic acid
polynl?0$dp 195 §é? ?iféghm%e ao@tlgn eebwgénee&e Btbrtened

exponentla d. Additionally, as"wth any
versidaCRf SGIk"empmmidJ pelymexsp one‘r‘ﬂhpetbn@irﬁﬂili’ findeiciaoid pwﬂymctre,” that will

| d t hr
form Figherget YURFE THRTIPG ERIHA LI A AGUEREHTET Ryhsei & e inital
templateNSGR NSt RN AT oK eR@Rd SOH-SGP nasleft R YoTPmsrs will contaln

avai | abl e for annealing to SGP priners), annealing o
sequestg® Upiquede ghe(aratnismg Fapthe lsame sesors pagl Seesiisethe resating§GP-SGP

nuclel%rllg e‘£°c%§%|% 3pequﬁ(eﬁ?§ruthe &gebﬁtﬂ)ndo%g{g %Ei ﬁ&léﬁeﬁgglymers

dunng: mltﬁlfqtmaalphgztno@la;tepo BihgB- stﬂabdléd— dhortendd SIGR) at¢1ae a&tdqmlymers
[ 0043] As noted above, the waveform anal ysis th
will copipipsequanceaniARe g theprgenism. s Hghrthe M8 %nlap#gl ﬁ#@ftmﬁsl SGP
nucleicﬁc%lm&g%ﬁ% @r HdEP&hRk r&%a%&i’ 61 e s8ifnkb&CInique to the
si ngl'e-stranded rfucl ei ¢ aci ynmers that represent
organishe Aciogdieglysthestt affieghpeoodee strudtmse foroed diychasingle-stranded
pol ymers are conbined with intercalators to form
hi gher-order structures that nmay be subsequently
detected. [0044] In SGP, detectable higher-order
structures are not formed until after 1) the
exponential anplification of SGP-SGP nucleic acid
pol ymers has been acconplished through several cycles
of nPCR u3|ng fuII-tlnE eIongatlon steps and 2) the
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anplification into the nPCR procedure (after
sufficient nPCR cycl es have produced sufficient copies
webotshersexponential |y anplified polyners; e.g.PCLO82009026704
107 copies) in order to praedluce several copies of each
shortefied nuelgiecResigl FaeTsereunguelioghe grgapismy rCanspayentlisrdstectipy of the

dtffergﬁto n%get?i g%ertg{}ﬁ or t Ref fo%@er&aﬁ}: éiete@fn gn(ﬁ? ()/&?sg{f%lng The

organiung;| satic daedtd)npmh jomaca)nq_ﬂrsh&thﬁbuﬁg, don dxtampBCPuSLESc et (rt€rcglators.
acid pol yners are decreased in length, i.e., shortened
nucl eic acid rs. Because the shortened SGP
A nidediied BERATRSRIRISING Ciensros PETURE cont ai n 1 he
reverse conpl enent of the priner sequence on the
[00333 MemdeGP rtuhbiqmﬂiQIm’lymeEsh and emeeh uSEPY, iy GP-S¢iRdnucleic acid

ol na exp ent|aI lified, 1.e,, .
polyiRs YA O FCT ek S OF e BT R erS Ry T SRR iisc s mrlfied
PCR {@P@R?b%@ ErvehE6H. ahea@dcuroea\ets@gé Ggﬂ%f’s Qesikat %h%d contain an

0045] It should be noted that uclelic acid
SGP prangmatithe §'iend, mamoeopigscntitlen®al samen puiskbeadded do a solutlon

t I
conai BRI TSR o 58 sy TR o e o
skill ibehcf)@‘;;twdl tefaogmwmgsmﬁmmatmla(mgl Cam;#lﬁic@ﬁ%tﬂﬂhﬁgents) aéld conditions
i fication, and thus al so form hi gher.-or
of mEL(R rerstipiar 1o Ll elikiows agRplicativadeagenisand SRR QitGR: For
0
o hOB9 3B Bu0 GRS SRBEELLGRLER 2L B avTr
reactipi byffer etcdéy addetd FGR m aidpoman theambhyy mmd:s dfi aephr@éﬂ?)aﬁ(ﬁd DNA
nucl ei c d n _contrast, SGP nucleic ac
tempI5F9) st o Rl R et e Cisbraiy Seentaridio

intercBGRRE. | TRY cdActialions hiPardb EitOS ampliMansh yeadsms il d afle SGP
froma reIatlvelé smal | starting anmount o enontc

primepipaiclectidesdi e ANIYS), DIWA polymerasaitreantionfbusion lang@r-’magnesmm that
[ I for R0 of .hi
snouYE Y16 6k o Rl LR B S i X e
artisa@f t he shortened SGP nucleic acid polyners to the
hi gher - order structures. [0046] The hi gher-order

t ture duced |n SGP wi | ontain nostly
[0034] (63T isfapabiel Mabyzine sgﬁww%é OFgRAtSMImEesBHEr at ed
extrao@&nhﬁlﬁyrsﬁﬁlﬂ%ﬂ&ﬂtsodecﬁﬁb% inabiadd tH@ step %? I@ nhrsdn%%mb%}hment of

exarrp e, assum ng, as ab ove, at
the prp?mtmawemm thezgenemic PVA o agsmglapmaowmmnqnlr«yvldﬁﬂxespms

each si.ngl e- st rapded genomi.c te ate t he
tempIg G SRR G B BB R 5Py AR e s bl fmers and
associlatedHighey-otder BRYCctRs fdrQletedianPTRis lsama@s)él tH@hﬁ"lOR &z;lopé’GP
SGP nucl ei ¢ acid poly er copy. of genomc
results( mn the exgy@pnt@afl mt10nmf§(£%§§@muﬁ§:lc g:g@pqﬂyg@rsdbbvgue of the
ablht%%‘@te?Ei@aﬂé*{ﬂ“ﬁS%Ptﬁ@P%ﬁﬁa%ﬂﬁftfs%“‘é@n%@ﬁ%géew% Tofiaigs
mann@rsomewvhbi sl’t'mhiilmgtlosjoheemiohiﬁl H(lth Ho%ﬂl&tﬁﬁﬁﬁh acramds @aﬁieﬁﬁﬂléﬂepences
20 SGP-: SCGP nucl ei cid pol yner each .o ichis
a5 congrur MAALORGIGRE G bt BIPTY Fige SHlgeonty o s SGF
t I,
primel AT 8 b ble SR iR s bl B or R e AP rorfrasty
convebyormPEQR usestwcz duagnqt m’rlalerse KBt foewsrd|pmingge, emdr(msa reykerse primer
copi es of SGP. nucl ei ¢.aci d | ynmers (approxi mately
ﬂmthfﬁggﬁbgmgggﬁggggﬁggﬁuggfgﬁ Wﬁ@%?B§€FES when starting
with a single genomc DNA). The nunber of
exponentially anplified SGP-SGP nucleic acid pol yners,
and consequently the nunber of shortened SGP nucleic
acid polyners derived therefrom wll dwarf the nunber
of SGP nucleic acid polynmers that continue to be
produced by linear anplification as the cycles of
anplification proceed. [0047] One of skill in the art
will recognize that the potential total nunber of

SGP- SGP nucl ei ¢ acid pol yners produced by SGP is
reIated to the S|ze of the genome and the prlner

o " Y - o - Y |




[0048] In determ ning the desired nunber of shortened
SGP nucleic acid polyners available for the formation
w@bookilgiser - or der structures, one of skill in tPer/as1005/026704
will recognize that only aisubset of the SGP- SGP
, . | ’
(0035f SELELE ek DALKIEE S PERAADE Bh UiAER QRO Y B region
of theagen@knmdl)lylrkeanCl%uxch oselpgetr ooamplify equrﬁellﬂtmng@g@@om

senr SRR Sk SR SR S e an

sequeSEQHRIHIERerRhry e NP BHﬁie?h‘é A6 “dGPYPrin& BindiRh Be.” The ability
exponentially anplified nPCR conpri se the

of mPEIRcIngbF meareldefu@ﬁwalcshsttnhéregwe of thegsnpmicniaNA igfdug trethe use

L

chara@risticiof IS OGP phiftie isaCiudctie ()’ﬂT&HSngtH,nﬁhlblil ellewas fwd kdyevents to
el ongation step will result in shortened SG? nucleic

occurgd) Bings1gAHSGE, pmmérs to generadidisceets OB PrpprETENGipg8iteg N isaeh
sin gleésq %ﬁgeégﬁi {]B‘I(ﬁ{ %ﬁlrp(f%gpalgﬂ %&39%1? b g@ér{mérﬁg tr}]% I(;S%é’l ICI:UCICIC
acid patgmbrp(geyamted Hyeit kg steoeayeletof aiB(S/R)ah}iﬂ have ed'- by3 meCiRotide

de h I
ORI T U
prlmeP Qilltlﬁfpi'issdlstm't ﬁﬁblédﬂd@éeﬁleﬁ@& atige Ibr@setnt!@ of ih@@e@rie‘ﬂ&rﬁﬂ’eméht

alf-tinme elongation step, continue to

sequemapwltlmn@u Wg peifl ipplyimer ﬁmjf tMQmuelmbl@qmg e%theﬁGP
L
pnmebgfrymgr Zl’(glgm%rqﬁe/ xﬁfﬂﬁ ﬁ"é}% Ztiao r%neﬁﬁ%%nfo%%ﬁ%rgl cﬁgﬂn%t

doublbis@iied ®CIESGPinuRIdHcaBpol EneRNi. &. hﬂae Eﬂp&&mlblmﬁlifmﬂtuﬁf of
the reverse conpl enment of the SGP prinmer within the
severa] &Rt TsBionhe! Sablestandet eei0Eis EINA it girdrrackeisaiby SGP
I 0 ponential anplification with nPCR, the
pnme?ﬁ?‘?%%]ﬁléon of a half-tinme elongation step wll
result in approximately half of the SGP-SGP nucleic
[003631(8@ pnﬂnyrsedeschbahg desdbetov, shaatsems somil arfeatusEwith waveform

primegy s e AR BRI 1 S R A APPSR U e

2003-3840821%0H 200511 8035 125 GEFriRElsHRS ekl ROSSP! dwiré Bhamactta&ed by
portion elongated by the half-tine el ongatl on step,

their lamgtht Ahe lemgth ofpar&GR;plpmp@spntl@alé)eg@ﬁg thetredycedflength of the primer
allowgﬁiggp%lgr?ego fnc%féY gllng tg g?\%nﬁ %lls)éfn?é Site %}cﬂ)“gqh% {yﬁgth of. each single-

strand@d %@MBMAambla& xid lb&cﬁﬁhertﬁe fﬁubdﬁﬂeﬁ@? afsoi aliBtvs ff@f the
further nMPCR c % es, they will form higher-aqrder

increaged probehiby. thatiGl ppdic as&m@mﬁ 2l haysma yitorhgeqaesescp
compl&mﬁﬁ# mgfrf?%hég%%i&ﬁ@ﬁatﬁ)f I’lh%k’ Eé/%gﬁ%g‘k’@;nﬁ% RstiiE R cleotide
sequeAckdi ti onal Iy, since the anneal [ ng of SGP- SGP pol yners

wi th conpl enentary sequences to create doubl e-stranded

00272 S N R B SR SRR L St

to restlt il thé @fpdmRntid1ei.d. OioRtihbANarRplifidatibe bf SGREIGB hidl6it lzkt':lﬁg)olymers
or exanple, assuming that an SGP_priner of

from mengB nmelﬁgtamdmwams@anng gach oy of iR afgithe figst cycle. The
first c%lcglg %k%%ﬁ%ﬁ E&rln étscofatﬁé ?'o]{i%%(?(@f agz 1%?[1 é%?hﬁg% of the

genorﬂN&DNA igto twd:/sih@l?e ﬂfandeds pehrde HIN /A rahgtlatgs 20 mn@eaDhg\the SGP
| ate of, e, x1 09. bases in length, wil|l be

primeg @?ﬁpe@arabélsgqs P%T“ET‘B’&PH]%&P?%F%“ sitglespgganded genomic DNA
approximately 50 to 70 of these 7,000 SGP nucleic acid
pol ymers will conprise an SGPpriner-binding site
(assum ng, as above, that the SGP prinmer was designed
such that approximately 1 in 100 SGP nucleic acid
pol ymers contain an SGP priner-binding site). These
approximately 50 to 70 SGP nucleic acid polynmers wll
effectlvely ‘generate SGP SGP nuclelc aC|d polyners

1. i . o N~



[0051] As a further exanple, assune that anong the
several SGP-SGP polyners being anplified exponentially
waloengrsthe full-time nPCR cycles in SGP are SEPF/B&005/026704
nucl ei c acid polynmers of 1ikb, 0.8kb, 0.6kb, 0.4kb,
templauadarml Dickongatingp SGE swaksic ﬂ@iﬁ pqllvt@etm fram gaaif oftsheeral SGP primers

bounc]e at I s&gs péﬁgerftap&gg % aqt eagJ tglllnéleengP a}t}g?@g@menslbp?\{mbemplate

wherdifd @ac%lglﬁeﬂlhtﬂélb acxﬁéﬁoﬂyﬁxérflﬁs a 6l-eyalitestidd fPuericBR@omprising the
resul ting polyners produced w || be approxi matel

bound)SGR primgr Giop Wblcekhﬁ SGP argleigrgidpadiper is slgnaated \feﬁywed\by a

asinf S BTSFSEEAE B9 Rn B PSS FLNAALEH D
template pivasesinas tht ophdis@P prinends, the first three |isted
polymers (i.e., the polyners of 0.5kb in length, those

[0038&o I e(%g{({lt/)irrrxld ngllit\ésla gf?clogltélga at e Lglql%% d‘g%glton\éﬁat% elongation
step dBrefkidkd thi1bhgth Gftﬂéas\(ﬁ’ filtgeié §<\ft€ &;%@M@%e RRRL s@b n‘hE‘l@tc acid

pri nmer sequence at their 3 -end, ‘and they w Il al
polyngfs erpgpd)m qmtce*c!ﬁ mkbehzs/&rdestinehtgtct\eo@de eequeocetSklb)t mﬁl?H@s e

e stran rtened, SCGP n

apprownm%lﬁ éh svag}e é ?8r ?xgp‘ﬁ;]le% ﬁ%suﬁn%g\ ?mgxi s e §1§IFed such that
it willn@aeasany® diek alohg ege B?lli%’:lé-ls@ﬂtcﬁﬁ gWﬁchDmélﬁfylatd? @nd assuming

However, the polyners ated from_ ndi vi dual

that thedHping 06 they ql%nﬂa@oeﬁten isdiusigidoproquse SERgRUscinRgid pplymers of
0,

appro%frﬁ%drt%l#rqg% qlE é% 15 onF W‘g% ngggén tp‘?lg?ptjtcﬁmgﬁld%sgitqﬁ 10° dlstmct

SGP mejries:id pnldn&:tﬁmdqmpihtecy&ch ef mchRG&lldrbplap{moxammdy 1 kb in

cont| uce SGP-SGP.nuclejc [ ner. s
lengthy o e<irRR e oY CBRSEORIBEHET © Fch A rihgabBeais i les
than 1t ﬁlﬁfr&ﬁrtﬁ@ﬁ LA AAfa é%h&ﬁﬁ;rDNACt&hgﬁ&é e d1bBtiofr froRPfhe @GF‘;Shmer

the Single Genone Profil Because exponenti al

boun(hamlhat fs1t@ woiulproduag.ap Sﬁidiqclq:lg aud @dlymeertof éesSERn igtbh dd ;addition,
ifan $F pimeBbMYine i GEnsi o Binvarh b olpt RafordBife sep

primef bEIdI, difddt. g slté O8”)SEPS GRaielery 4BiPpolyRier HBMsthae 1 kB will be
103 sites a ong each singl estranded genom c DNA

generatedrfpar the S Rrieerdbaidosnhalsifetyef or m profiling met hods
generally require beginning the procedure with at
' t
10039) BB S CP AL ST RIFTR mafl b ARl B RO ke s EQL R times.
During |thaermnaatmug|sfapcﬂteamycke Sﬁﬁnmmlelmztcmd pol&mtrsﬂ»@ﬂl(bb@@me single-

srandgil e SRR B 20 ers T R 16nast DS OBUBY Gt e DNA

templ!tt@ atib Sﬁtl&ﬁl‘{I?SGP”HLBﬁ%f thé hiEaligs 681 SLﬂ)E&]ulehﬂ'tﬁ‘y@Tes of mPCR, that
anplification %’gllges woul d be repeat ed, 22-24

certaip Sﬁ@’snuelelceamd pelothets hyinzoa P40-Jenurlesftidp ﬁqqlwacqummsetﬁ the

S) tr
reversebpfenTirk BERR SR BATRMR Pk b B B ki
accesibl¢ & BIndingtaf the SEP prirhdt, ichethacﬁﬁesféﬁieh@ﬂ JGR pidléialatid poByiners do
be acconplished if onI a sin y of the genom c
not fogp highstardes sthnuspt Thfh ﬂ@g§£ Pemtsfelt #ad pelypiess. gghesras part of
a hlghiggtgrrdggt&}‘%cft\;r@%%cpé} @d;}g . a (@ﬁgr?é‘ﬁg&& o'k {é%afaﬂ&ors e.g., the
annealingptenfpecatricpthe (engghs, of 22 IGP anyclletesa):td fﬁﬂgnanslanq S@P priroere, and

co of t each, distinct on of
the copRtBh oy ST TSels e Ve RarA SCl) Pamersi B reasdion
mixtuf. ¢d uéﬁ% rARIpMEGhEE affdalin lof RiEbyiRcleBsing the
orél%drlﬁg# 106 to IiO? téﬁﬂnes (1. .g\,ﬂeggp?gﬁatggl yy0i106- g]
copies will be present). This inprovenent over other
wavef orm profiling nethods allows for far greater
sensitivity in detecting and cl assifying, for exanple,
the presence of bacteria in a sanple using the SGP
nmet hod. [0053] Because the shortened SGP nucleic acid
pol yners are derived from SGP- SGP nucl ei c acid
polyners that are |dent|cal ‘to reglons of the genom c
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different stabilities and dissociate at different
melting tenperatures (Tm dependi ng on the base
waeguanses of the shortened single-strands, i.EBCT/URRS®ER6704
on the unique genonm c infonsation of the organism The
r r
comc B a8 e L 0 o of Meferorder
struct@es compri S 8GRI rubleideidipdywmersf [Hooveyst @Yitileax\(jjmtisg thest well-

knowr!g %‘;Qfg g{agfag} ljglnptrgm{l}lgigght i o rrlO éDlll\c‘(l?lsaéjsj %te%té S%qut absolutely

requirE@BRANE BB %aild 31 It hsdleit H&d Q)SP&MEr %tam iPdddeisEd B emd design
organi sns t hrough waveform l e anal ysis, i.e
of the&éil’emumag Aneptedbelpwi ﬂng StGPeprdne@e dﬁegqummlﬁout a nonspecxﬁc

her orde Str The h her
stabili gy o e iy S5k A apdanmedeath AfGhe Bleihuengg of te
SGP prifdre@fts BOerdN @il Q6T bk, 8.eQwill berdsamRideto pﬁindr Réeadily.
hi gher-order DNA structures dissociate, the
Conseneshe sertain SGEHuslaqrcd palymersdhathayp aSeton?' gRerense epprising the
iy
SGP it skitihioe RIS TAREHTE o ol BlhichPof B8 SGB firilr sequence
w1th11ﬂllh81$ d(srnatn mmleoﬁdé Beemendei \glﬂidnncbplcéﬁaralﬂy taS GRrpesneas pdor to
func} in reasrng tenperature produces a waveform
formajigpy, pf gy ﬁh‘?ﬂfg PR Genomi ¢ DNA of the organi sm
i.e. higher-order DNA structures at different nelting
[0040f qma%rlﬁimg 86SGP 'ﬁhnﬁ:&@toQHé@JrlﬁﬂﬂS@P dlubeeorcdppolmeﬁrt@mﬁee as'-
a characteristic waveformprofile. A waveformprofile
to-3' seqieencé peihpragies thelo pemensequerice fellayeskhy Beareverseiremplement of
the S(zl\‘;/l Eﬁrtn%{ %gpgfcgr{%l?hng ﬁlpegrﬁr]hgtgnc?nmyoq{dg Q&L{éﬁ&! é#f&:’tlfdt& §(§11€ mPCR
amphﬁ%@hic‘yﬂey\mte@feﬁt orthé firse cide. pAﬁ@GIEﬁmbﬂﬁlﬁ&hg ltn its OdFRplement
enbodi ments of the present inventiqgn, the presence o

of
on SGé’rrw&km e pakyelerwemow@)P%%r graipn e Tegulssin SGP-SGP nucleic
i RS g P B30 o LG AME L el
the sequente bEonesofithdsoatal descrte mgpas df £ géramis Weaﬁplate that are

strain) of an organism e.g.,. specy or strain of,
Ranked gt s 550 1R a < R deaimnoridbiier b S pies i 3 dherizand by o
5-to-3' Bsqugﬁmﬁms Al &9t Anplemett STTREROGP Priftd. AREorRRBkRice each
froma second organismusing intercalators to

SGP- SﬁBP aieleig agidi phmnwdwefabrtrrﬁ pmdfaj ﬂf @;-B aeqecreh that gregempiementary to
the Sdélgg%?lleb g%c%%@g-éi% ﬁgﬁ%&%@gﬁ[ e vs'n@%}g [b%%%gild éi the SGP primer

prior tdlthd fopmaticy 6f £highér-arapd dtfuciad in(lﬁlmeallr% steﬁﬂ@&'tstlﬁ;b@ent mPCR
cycles of the follow ng st E 1) denaturing eac

cyclesydrmeauentln suhsegugrarics ORRCRaVM inyelye ﬂ@)exaﬂmral ggplification
al discrete SGP prinerbinding
OfSG?E?ggﬁmﬂagécgjkﬁﬁégﬁonrc DNA tenpl ate and any
previ ously generated SGP nucleic acid pol yners and

[0041 F@heSERk UG the art aghl decp gﬂliycnﬁlasmt}mugh 3l SétPomddi¢ agd Ba¥ymers will
' and, SGP-SGP nucleic a pol y rs from each pringr :
compRfiihe St SFateate Sbe SPeGLPTI A AL HeTeg aep 41 e SGP nuclei
acid periyrﬁdr@whﬁmso Gé&ht)ﬂﬂ: A8 Fevedse |cSm9fenﬂz’ﬁpbf fhe S@H inert BGuence within
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performed at ~72C using, e.g., Taq pol ynmerase.
Finally, in one of the last cycles of anplification,
the length of tinme for the elongation step is reduced,
e.g., by 40-60%(e.g., by 50%, to generate shortened
SGP nucl eic acid polyners. Additional cycles
i ncorporating additional half-tinme elongation steps
nay be |ncluded |n the present |nvent|on to produce a
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(el lesley, MA), Applied Biosystens (Foster Cty, CA),
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pnmeﬁ%ﬁﬂmng e®Hithings IPJdléBﬁﬁcs, s¢eRE] THE cofferB s thie; decreasing the
desi gned, using nethods well known in the art, such

full- letnEdnt elmtgabmm timetvallsﬁ@w@a%ﬂ thelpebebiligy giat SGP alluelmg asikpplymers will
e st ra L
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det ect t he presence of any genom ¢ DNA from an
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contaiﬁ@ SR pemet-biatlingsita sathin t]nedeqwm:e tlme;uglemmmaanmndfassummg

as abod it 3 OB RB ey iy Beat in g e G0 BRegoTE T RETREH geppmic
DNA ¥Hb18e 212108 di@ferdnd semﬁﬁ@ml@adiwolyﬁéﬁs Whuldbe |glenér£‘te& I each
art woul d survey sever al species of bacteria regarding

organistre(i.se dueHE &S hiudldie peid @ehmﬁrs:p@mpl@m Y tamplates per organism),
and i RIFRES 26 afifld @s&%%’%le?c fiq E&&@%M Dol %mgyelﬁ@h L of

coursé Qlﬁeﬁlbf::&ibntdf th’fére&ersél ld)mpreﬁrﬁhf re[ﬂtllvm&f theldite utewlslah tiGhtimer initially
prinmers specific for a Partl cul ar

binds %]é épf@gn](ljlp tlgq lleggth of gach $(@R-SGH mucleig agid polymer being exponentially
a n
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SGP-$GP nacleicviclds ofifiprievéndipe obtas thrbnegh mAGRryoles that irfSGe denaturing

(resulg{né }r{lgslrm ?n gﬁ%lrﬁi%dgtal{ﬂ Sbig ntuglelbc ngchtb éﬁg%tea&?{],ab?ﬁj élﬁxeeéqgng to SGP
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the shorter the priner, the greater the nunb
(resulbng i @mbbt%rasw DGR msqlmeemélpobgneas tpehreoameli fridAn the next
evele ﬁ%g ﬁ% 19 mhlch the primer will bind. Conversely,
yele pLEPe é% "he prinmer, the fewer the nunber of
di screte SGP priner-binding sites along a genomc DNA"
tenplate to which the primer will bind. In addition,
the sane analysis related to primer length applies to
the probability that the conplenentary sequence of the
SGP prinmer and the reverse conplenentary sequence of
the SGP primer will occur within a preset distance
along the length of a genomc DNA tenplate (i.e., the
preset maxi mum | ength of an SGP nucleic acid polyner).
Thus, the shorter the prinmer, the greater the
l'i kelihood that the reverse conpl enent of the SGP
prlner b|nd|ng S|te mnll be present mnthln a preset
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method in the art (see generally, e.g., Burpo (2001)
"Acritical review of PCR priner design al gorithms and
\V@B@Eﬂwbybrldlzatlon case study," avail abl e i NnPCT/US2005/026704
nput at i onal . Myl ecul ar Biiol ogy” course materi al s,
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the invention, the SGP priner is designed so it
combipeduitiyintercalalors i fagh B‘ggﬁrr%ﬁé"eﬂ“’@@ﬁﬁﬁ%ét mRAbe asEgeatly
daed%&|1 a predeterm ned frequency. In another enbodi nent

of the invention, the SGP priner is designed such that

the primer also can act as a forward and reverse
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ver, one of skill would recognize the need to
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order to produce priners t unction correctly in
order SERctufesy the peaspriteénventihe allmsxﬁfr thenmpodidtion g arfbalfitids” cycle of

i ze [ that ,co in hoth a eci orti,on
amplificidr ishbp SHGR prERep il (it Puoied BSC St hafi@roatite
sufficiénit BB}iss 6Xfthé Bﬁ)dﬁ%ﬁﬁeﬁmmﬂﬂlﬁﬁﬁtﬁo%éifép eng)t 16°q8 Y 8 (Ebpﬁ"es) in order to

nonspeci fic stabilizing portion. I n addition, one

produsg s¢veralicppies etenghishertaned SGR nuckeigecié pelymer f brothmgw@@ by

r Q bi ndi Sit
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subset oﬁqha h&deﬂc@c@lr polanersiderieddesmwey SGRIIGIPH@1éik iafid polymers are
nmet hods at | east |nggart because only_a percentage

decregged i ns@zpl frudhogiepech G nyeleiFrsidpalypprsh @\?éa%eélt?cﬁ?@ﬁé‘@?d SGP
R 1 SRS D L e
.on th€s3 teeld off the. polyméry sla)maed: 8GPagelewi dciid pmgmeg;onmjxmml’merekpabntlally

amphggg,})ﬁert c?yt\l‘\fﬂfrteﬁ%?n Srlﬁa rgn%é%g%m? 835(%§L%{tﬁ' ta orm 911gher-order
structafel KX hiimteldéteefR¥) of SGP SGP nucl eic acid polyners ‘

that undergo exponential anplification will produce
shortened SGP nucleic acid polynmers during a halftinme

[0045é|16#g>a1id bpnafedhat F@B@zflemracréep@yméws (smxcatrsbord@@déﬁé’dnuclew
acid p&gmpﬁ f&%? B{)rg?né Ihg 3% 9) ﬁ %gciue%@é‘ﬁeﬁ oésag?o[l tZﬁg 3§vegse c%mﬁ) demedlt of the
SGP ;ﬁfﬂa}r waddunsebd thmnri n@baimefsl duyinglaay c 7o SaPORIghsli ficatieh,tnd

uced is increased as the i mer )
thus, ﬂ%é}ﬁégg a‘%‘&&? Teqeerftruplyres; flaweven @s fxplained g?loglk ppg hlfztime
elonghtih &g pro@ited slepd12BpiRs bf@c{cﬁ dgsfrtmglh% bitefed BOLACILRABA polymer

t hose suggested/reconnen ed
(becawea\tM)oarnﬁmeﬁfdn from gxmtehndiy alﬁldlﬁeebﬂﬁﬂb-ISéiP Ad{rinacid polymers) In
contra[s){ %ﬁﬁ u &lln g anp [ O&ﬁla as Frl rrer_ Ln Fl 4 of
NGt 87 ESHPR & YiRg 2 sBaobs pumprERe 5
and RNAs by Pattern Anal ysis: Cenopattern Method"
(avail abl e from Adgene). This waveform priner contains
an el even-base nonspecific stabilizing portion and an
ei ght - base specific portion. One of skill would design
prinmers for SGP by excluding the nonspecific portion,
and m ght al so reduce the number of bases in the total
SGP prlner to a nunber Iess than the nunber of bases
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uni versal waveform prinmers have al ready been desi gned;
such prinmers are known in the artand are useful in
waledeavisny Vi bri opar ahaenol yti cus; PseudononasPCT/US2005/026704
aerugi nosa; Salmonella typhsmurium Klebsiella
prime 8 e T e A (K M Ty 3ol S amountof
genontie ON&b Lonsaqupntlyo the; coﬁtrrtmpton ob ewhsS Gy og@ﬂe sgnd polymers to the

co er| m bovj s; .Escher.i.chia coli u
formafigs 88@ ShGr TR I BEBERUS Shcg g RoRR R F oG tiifier pf e
shoneﬁ&hsepmubw;fmd PEOVYRIeA to Phe MBh&tbra@ thetupsed to

di sti ngui sh anong”i ndi vi dual speci es and strains of
bacteria, are also avail able from Adgene for use in

[0046b(THe rhlgzlmr@rdﬁr RiTpetees PradgosreiniRSalt wilhgontain eepsty shertensd §GP
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desPgni ng Ih or
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SGP mrkzletdwrezl@p@kymea peaicepy of genbmihB Ny gan |psn@g)mlem) Also assuming,

ain B8 b PRt SRR, FEL] 671 Rt pois sid pobmers
has a éﬂce'c@niph@m@rah S@GH ﬂmrhé&cﬁﬁﬂiné%lté Rethaied ée@@&iobl dppréfimately 20
in testlnq a sanp H% a wat er saqp Met hods

SGP- $@P nhgletcAeidrp mgramashﬁf whichl ig islentenl énens ofisgecrakdistinst regions
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exponbﬁﬁdll@iﬁ@bllﬂeh&)ySﬁ‘CREieblﬂdngrﬁya Matmb_,daiga miatbecdf ¢dpdes of SGP-

presence of genom c DNA ang ence_ of an
SGP w@m%%polmeeeﬁatmﬁlr%qttlu 519. é?t scopéeS@ o hieh MR ¥l when
r Y
sinf VM) SRSl ShEpbfElo S ganalutop oM GERP
nucleid atldqxolyrmrs,aamdlmnsmnemgy the nmngamfsshortamd 1S&5P nucleic acid polymers

derivegfehpme il et O G TS0t PeRepEd PRy o be
produ&sHBAiiNERP hpRficdt{da ak meedyue@af%shﬂeamuwe@er ei n The

baS|s of one enbodi nent of the I nvention, .e., t he
sis of a Ségtentfor detecting the absence

[0047b rQ!‘@éﬁéEl”o*P the e Wil Facagizh thabthg Rateatnl tﬁtabn%rahiﬂ of, SGPsSGP
nuctep oS SR e S0P RO L bR LERRO o prime

lengthr éldmg thezggrefered miimbet §f SGP audéic acklywiyaners praaiuced uhithe first cycle

of am Lokt %{ H&‘yt:bﬁée oA géls & ‘:}ﬁ%g’g@% g-gp(ipglsr’%gq%@q’ré)ff %:(::P SGP nucleic
acid pw&‘i’ SRRl L pARRLThe shbrtéMelISATENIEGO A HBANRYs @Lﬁ?ngotite half-

skill 1nthe art that the present invention may be
time elmgdtiorostep €iley, zbe désired bsmhercofshopensd it gtnusfleig eeid pobymmtrs

vt 5 oIS R R s s Mol S B B i
deSIgdlﬂ%SGPlﬁ?ﬂnér@oﬂ@l’é@IWenﬁ&ﬁj debabedl iy fitdhehddixil bélow. sanpl e

ered froman air supply or in a sanple of blood,
r detect and classify_ a virus coated on varjous

10048? L) égtﬁmlmglg tirp desuicd Jumber phabattersd SR nueeig gsidpolymers available
or 0 ARG BBl 1B BAPR Gl g 28 b onty o

subsethfone SGP(SBD)lud%b facid p@bmnars sxpngleMmilyfanqﬂlfi%@FBy(nm)ls used in
and . Hal f-tine ation Ste 0066 e exa es

P R e i D R A Rt A
provided to aid one of skill in the art in an
under standi ng of the invention, as well as to
delineate the inprovenents described herein. FIG 1 is
a flow diagramthat delineates the first cycle of

wavef orm profiling nmethods, including the SG°P net hod
(FIG. I A) and conpares the results of subsequent
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t heoretical genom c sequence are provided in Exanple

1.1 and Exanple 1.2, respectively, to denonstrate how
wa@2eitosin7 of sufficiently short length will bePebiUs2008026704

bind to several discrete pnpner-binding sites al ong

SGP-SR nusteae peidpolymears Bipiage 8okaietodaly glmenﬁe ¢n PRAlf-time elongation
t
s ST Sy b S0t REc 4o PR RERb g fpeies

by mP@R coeguse demuwfeotde kequertdeaif theaei el s odniplemeggraté pmer at the

% fh eac stef of the SGP net hod, and hel ps tq

-en dapeelppgat fBHVE REAFERIL "(qli‘é’ ?tﬁ\‘)}éﬁ’rﬁlPQﬁi‘“O’F figr this subset of
X 1y

S SEHBLSE $45 A S AT S

SGP fudeiplaeid polymdrhacr,auciew ackl poipmesdhateloamt fO0GR]thd revelse

del ded h I, t [ is 5 -AGC- 3! .
compiSfichs B IR Batricr g Bleci-Pidy ORSoHPE ne Bt T bGP -SGP nucteic
acid me@ PeBRRPbEensaly S EfidDb m@dware hsnaamabay 3RGHEer e these

set forth as SEQID NO 1 an SESS
longef §§é’e&@?@éﬂﬂc acshrAdymetEg SuﬁeSGB Gbnwlwg@p@mlmrb,as@sh fully

t.0 iLne
ctongh 1950 B AL G LU Ty B KL B i
exponﬁﬁakbj‘r infanyGpsEqaent @y clgs aﬂmP(—XRf ey\deb;aﬁbé‘d l&flow thése SGP-SGP
heg etical, randqon y generat ed seti:]uence were alter

ed
nuclejaacyt pRIVMEEs oBIBETHY W14 BefReseme PR Of srugharoadqrytructures. Given
the raﬁ@&ﬁ "1§5a‘h@ﬁ 34 tﬁet}gvé@:) cdﬁﬁﬂgﬁé’nt of i 6P ﬁﬁfé?w‘f’t}: rﬂﬂg Her@h of the

he 'singl e-stranded om c DNAterrp ates o
SGP- SGBmuelem a%thﬂ@ldng&rtbm wndega ep(porslntmlmmphﬂ%h@)n ith THRCR, the

intro ugﬁsgrf nf azgng E?x{‘eﬁe&é’x&qﬁ%ﬁstéﬁ Uv?lb) regu r anded 8ﬁfei\6n]1§§o he SGP-SGP
nuclelRRA! Fel§MetsHeciRBed & Erefth IRsttdnsd sa;Ptxhemw@f)bl%ers
bases, and set forth as SEQ ID NO 1; the conpl énentary

Si ngIe stranded genomi c DNA tenplate is presented
(00493 A@moslmatelgép ég%ﬁh@@xggyemt@}\}graggg@efi @QPeggP nucleic acid polymers

will nsp&;gg%a qg%ﬁgg%arﬁgt rpgdlgg gﬁet;lgngg B38Rn e?dh%at%ﬁtby%ﬂﬁf-time

elongatiorpdte, and khow willgatticipease mttha\,geml‘atioln@ftsh@wxeﬂ ISGH nucleic acid

1 ted t |
p°1>’“83r’ F‘“g?hﬁgﬁﬁ‘gg’&ﬁ@é’sp oETRiS B BRBATSES W gﬁ?%%emnsw ggqugnce
capabmﬁ&ﬁgkc? theRGIBEMREAor Hirfief ﬁltP@l{) : ac§n§w9 fifl BSm higher-order

theoretical genom c DNA that are eted
structpnes néhe bthndamgogma@y S@aoi ﬂtﬁf SGRSEIP midldic b@d polymers

expongn ygazr;rflé/%?dyby(lggékf I f?lgstllll Gep 1en { o Of' SGE_' Clsgg sr} &ei c

AdditiRkgdienie arsiefh GP-SGP%@E}G vath tﬂirﬁplérh&ﬁ i, sequences to
el ongati on st eEe%ﬁO?O The primer of Exanple 1.

createcdayblerggnged JGRSKIP poymststs plablesnd fenda tcngccer qelcbllyoﬁgP -SGP

e RECHGRANS oM BHPARS st 1B ek RUF Byl

structgremom c DNA tenpl ates, whi ch is perfornmed at ~95-98C
for approximately 2 m nutes. Denaturl ng is fol l'onwed by

ealing of the 0 sever di screte
10050] 38 B cassgingdat o ST Pipefl %Sﬁ%ﬁnd@%hregane??l to 7,000
sites, SRChe $ésNBIR-SEP ﬁﬁ’(ﬂ@i@ a&ﬁ%@rﬁer%ytb% RIRLRd 14V 068 |bh§?:9 in length,

accurs at ~25C for approximately 2 m nutes. After
1. 4x1@rba$evr offgesomimiebive der, &/143 pé p singté-sirandedganonpé @mvbhtemglate of,

o 2310 e8NS B AD HER BRI b a SR

approihtmitfﬁ‘y S0aec ol opfhlewTEO@) SGPelucleﬁCﬂalmptﬂhﬁbﬁ vAflicdmprise an SGP
polymers, starting at the 3'-end of the primer and
extending in 5 -to-3" direction. Elongation occurs at
-72 0OC for approximately 2 minutes, and as such, in
this theoretical first cycle of mPCR, SGP nucleic acid
pol yners of ~21 bases or |ess are produced. [0071] A
representation of the first cycle of mMPCR with the
theoretical primer and genonmi ¢ DNA sequences of
Exanples 1 1 and 1 2 |s represented |n FIGS 3 and 4.



The regions of the genom c DNA that the SGP nucleic
acid polyners are expected to be derived fromduring
wo b@6fio13st cycle of anplification are represenP€nUS2005/026704
_ underneath each genonic DNAaotenplate by 1) letters
primef Al o SR L SEUE b Vas S ROHRRE Sueh ot
appromfmdldslg 1pn il 6@ SGPowclegc qtmd ;relrynbtrsn@hnngn s S&P le)marbmdmgwte).

Theserﬂg I{og;n%atgbzl ﬂ) tﬁ%’OySﬁ.gI; ?118 ag aérls Vi effeétlhv%ly generate SGP-SGP
nuclefeaRIIMHh &S HRARAR bE 8ipdHntidIe aﬁﬁmﬁd&mnhgrﬂm PR 4&6@; of SGP.

eIongated SGP nucl ei ¢ aC|dfp ymer. Sequences of
After ReHeiyclenof iPER andefisr thedralfatinae elopgaitoactaposdygral COples (e.g.,

0B £28 B AR B AG FRU Sien wi

form the (hygher-bf&r SeEHa 8 eSse @ipeasw&o £t m@i e %xp(ﬁiedu@lw Miplifed
nprise SGP prinmer-binding sites &@gsented

SGP- %@P aealekﬁ@qwemﬁayrs Thos she lmlﬁlwg e[lcmsa %tt:mwt@bspr@suces
shorte?t&d g@gﬁﬁféﬁ) &1@8&(@% Pfh%%mq Fdnetﬁ' hePBRIek Et'r&c@ﬁtjeol;ht also
nuc elc a pol ymer s aV|ng equences
distingdshes lagiong SEBPS @GP inreleichicitipalgmsistof sliffexentdénpmis. i n FI G
4) will be separated from each genom c DNA tenpl ate,

[()051@n %hsﬁ )éa%‘lé)gl %éaqtu%g tﬂattsqﬁcgspeg&#g Pévﬁ%{l] %?3?—%@9 p%py%qers being
amplilb@BGIonexitelel hhg| @Keuﬂhﬁsnm@ﬁim ERIMsl il SGPnaré SGPISIGR Adcleic acid
subsequent a ication cycles, in addition to the

polyngaroinlukh, & &bal Okb.ftkprand Oé’,kb gl assume thef the tiging of the

clons e R R PHEB 5 ABC BRAKTE N 8RGO el BuhEs Py
polyrief Dhﬁngtlie swbédquére&dalf-yuﬂe@cedxgmaﬂm ttbp,ttheea:@ﬁitmg pblymers
sequences set. forth jn

produgggt v e W‘H‘I’@&e}bﬁ%k‘é@qﬂ@n@ékba Aty %l‘ah f?sae‘aﬁ’élyofm this

: of 9P &leScnatured from thei
meCH B B AL 8 805l BRI A RO D 3ot o o
1nd1v1buaiccbnﬂpkememtd¥y Cém;ﬂ:)tﬁ stramls, thleéirlstrthxek disted prymdn&a(ISGFPhe polymers

ot 5 Bhe BB 51 A SRS Ry P 55 o

greater RORERI (T Kbl (15‘ 8kb %H@@%‘RHEW)II%@ h&e 186 révdRk ichmp Rimeah ofhk lprimer
result in an exponentlal doubl i ng of the sequences

sequehgesat dlakit Hi-epl@ndshey will &l bppt apprommetely hasame leagti(.e24.5kb).

s By RRBAREL SE¥ L Rt B 5P 8l g e

hlghel\Abxldbr SfucgaBShidtsdry fob heQitae@apy oﬂﬁvaﬁd’f&m@ proditas. HdeA4t, the
"hal f-tjme" _el.ongation step i.s included after

polynse&/%%gatedefr@n indipidpal template stipaieel Qoit a1df)- AP fensths wilkge full

e} 2R LS n B i e U B pRRAE e end o

these mmesb enctm.ﬂuse:cﬂlebem}ales of POR shplifatipowill coinus to pnbldueﬁSGP -SGP

The, "hal f-ti a jon ste i, | be.approxi
nucleif GERRMIRTS AU BAGERY BT T94E TBRP's o RSB B formation of
}ngm{yﬁkf&hﬁﬁng;ongatlon steps, for exanple, 50% of the

length of time of the elongation step used above.

[0075] In this exanple, elongation during the
C.  h&efectingthestingle Gienoms Paefile 72 0C f or approxi mately 1

m nute. Such a time for elongation allows the
[0052])cBepmmeueza@neamakﬂrnplI@ab@me epaBGR, iausasliv ithe SMP yneghod, there is

ucleic acid er derived fr.om SGP- S cleic

no rediiieptie e Ptk TRER SRR SY con@ baPe Biom Dol & frest. For
exampi18Saskurfié 8t 4 (honl SGPHYawdifbim Pembtinby bldasget ﬁtés 81688 each single-

thatit will conprise a priner-binding site: 3 -tcga-5'

(set forth as SEQ ID NO 36), 3'-tcgcccccga-5" (set

forth as SEQ ID NO 37), 5 -ACCT-3' (set forth as SEQ

I D NGO 40), or 5 -AGCGEEEECT-S (set forth as SEQ ID

NO 41). Such SGP-SGP nucl eic acid polynmers will not

participate in the formation of higher-order

structures. [0076] In contrast, a nuclelc aC|d pol ymer

o o o o . o NI N NN



5' - AGCCGATGATGCCTTGCT-3 (set forth as SEQ I D NGO 42).
The sequences of SGPSGP nucl eic acid polyners and
wabewtiersed SGP nucl ei ¢ acid pol ymers expected POI/D82005/026704
derived fromthe SGP-SGP nuel eic acid polynmers |isted
. . ¢ ol con. Ut
srandel e D T P P b eraiy
require beginningobeprohedurewithat ldastvi®® argaBiGmspas descritirdradione the total

ite and wi.|l participate in the formati on.of. . )
numbgy QuE g i PRt PBE el gpoiitel TeRE HicRtien isepgppimately
2x10°NAYEIREIYSNE s§1%,ﬁﬁers‘5@4rll§eﬂ@.hicibNA SnorhEINAQEHPlates
as SEQ I D NG 4 ), - AGCCGATGAT-3' (set forth as SEQ
per org@iN@x4B)’ or@misgisya byetberaw & efgreprofibing meskpdsatye lipear

NO . 47) and 3' -tacqgaacga-5',,(set forth_as C 3
ampii gty vl BPRRREE g o P e o PRRPIRE 224 s 2210
differ&tlsfrrgld diRan@d)ongasntet, she pf the eplbadindits éhie brésénttihvddtion is

el ongation step result in single-stranded shortened

relatedstgrthg fieqt dhat wayelerp erfiineswith e SG method potgpgially can be

. . Ll f :
o LRI o Ot RN L 058 o
begingiap olf hedipditicetorbyropess f(assaming effiviamalxyractson) wafief several cycles

or iR b & £ B350 h0 e S5 B o G SeRSHE cch
distinét reRBRLE Perfbriit PN ABERK¥ed B?/ @d’l”%ﬁm&ﬂ-ﬁlﬁdiﬁ% QM&24.b OBach distinct
~ step. Thus, because a conplete conple ntary SGP-SGP
SGP-$GE ngtleicacidd wplh by nepiedhin thezirderyed 100 ton (i ivmasdi.-¢-happroximately
6 [ f-ti el on I on. ste these shorter - .
101 Pl E A BER Y s PR el el S F v SOl linedpghods
allow$§ B If@i edt&d @nfal iy BY deddttingiahd crassifyiay, forexpabR, the préence of
formation of higher-order structures. EXAMPLE 2
bactenipi iame wsiee thepl@hwsthodg SGP Priners [0078] SGP -
prinmers were designed to generate distinct waveform
F i " i PRSP nuclei
S o R L P NG st SOPSP nuclee
acid polymsa$ that adeadentichlzto tregioms, ofEse paronu & DN A black¢téd BT SGP primer-

. ..#10798D),, Ente cter.cloacae (AT #13047D), .
bindingaioriEh TEHE LGB LU IR GRSy CARTSH Ol i sauenece
differSidd@bt the of AR HARS d&Blted SRESGP | the &Spteddfl dABH o FRGUENEASingle-

were sel ected by cal cul ating the nunber of SGP

stranded ishestenigil SGPryiciaie aaid pplyhiers prieduded dughg thedrdbiiame glongation step
-woul d produc n nucl ei ' [ . I .
will 8 8 BT B Al S SR e lopie g o

numbetiéefl sheitértd S GMnhdddig hibid \Wab/medt SERe highertomder sB@stis. will have
. First, if all four nucleotides (i.e., A T, G C are
differepy stabilisaand gissesiaje plediHerentieking tgpparafres K&m) dependigon the
€ - DO - . .
base SRTEDeS P oRERE! pfe Har)) BOBSERof (AL namic fgformation
of theprganism.t ¢ Tinsof8hdhigherubrdetstndtures derived frant an organism can be
conpl epent ar equence in one.lqcatiop.every 65,536
deterryReR and Ssprdy, histls sqeomplihecgith Fhe Ush AL Qiofgscent agents that
intercRRRiAY% HIBHeR o¥d? DNA lskr@BuRASIES, inffcafifors GThi, ST m@% g8hsed to
base paifrs in length would theoretically bind to 76
detect, ogmaparoasd distingrashyiba garomicd8A} ofdidierand peganismsdhnonghwgveform

oS SRl B T 0 RRe B s

acid polynmers by a single SGP prinmer. For exanple, SGP
[0054p rTheei shenverder desdtagres df k @appicalgr sample ae dissatiattd dlyiinatasing the

regi ons, on the E. cal.i, gen hat are brackete
tempegpreithesamile af\p §red)ie -%ﬁ%nﬁ?lﬁf*é%wmwﬁﬁwat& tgsgﬁorescem

bases and be in the correct orientation to produce

SGP- SGP nucl eic acid polyners. For a potential SGP

prinmer, the nunber of actual SGP priner-binding sites

on the E. coli genone (set forth in GenBank with

Accessi on No. U00096) was determ ned using the BLAST

(Basic Local Alignnent Search Tool) program provided

by the NIH. The programreported the | ocations within

o o " 5 e



by excluding any priner that may hybridize with
itself.Exanple 2.2: Inplenenting SGP priners [0081] O
w@2@anaizdat e SGP priners, two produced anplifiBdI/US2005/026704
SGP- SGP nucleic acid polynmees with all four test
LB g fliothhs alsBRiRbLHIR! IR
agent%iﬁ Edid8d in seﬁ?%‘jb%?ﬁ@ez shlicthr¥s alsBidih: Ql &1 %the Jate of change
of ﬂuﬁ’eso@ﬁrbﬁm’d'a‘ﬁ@rt)sc}alétm% by slet difsoctahiomof BES 1h1§h¢11€ar5®r) strualuaatas a
results icted that DBJ7 wou r.idi.ze fo.t
functif b nASRE PR HSITONEED 4 NAVEBRAEN S BHgNs fodhe Benoriic DNA
f the R SHsAE 12l high&0stdENBNACHRIC ARt IR R RN S, %&?A cpiravdi are
ore %ﬂ%ﬂthl nl%S 000 bases, and DBJ8 woul d ﬁy ri (fze tomn)
obser‘tddemE reqauiigd tgem@hc@e archamctetigie wansfornBxeéite. nds mitayefpsmpgofile that
indica TR PrEgsrE SEi piog e B RE R A b orm prote; in

the evditdBit rdi drk@figntis pregsmt irthe eanplie] A ReiHtive Vag€form profile is produced.
eI ect rophoresi s using 1% agar ose gel s stained WI th

i di um brom de. In|t|aIIy, Ilflcatlonél e., ope
10055b rln ﬁ%‘P% epmpedigentsrof dospresnt H@{en%%é%q RTERgNCE Akan appropriate
Wpi=T
o B4 PR e AL ALy 0 DB R s, g e
embodiMeatsc i chidReriRicSvavivfavipGirafileds tdinative offagartiqular Specws (or strain)

Ner ase aI |. avaj | abl from kara Bio, ... .
of an igaiiBne EwpPesier & Ao POEERG DRSER S BRATOHAD fisgneuish
betwebd HeQ%nOiAONAL 6 Airsd orf436m fand t}%oge‘ﬁSﬁlWDNA aOoMeAdetoal

at 250C for 30 seconds, and el ongating at 720C for 30
organisacwH S INYRIe1persito phian 4 wnigehwavaierny pigbilefos epeiherganism using a
cid polynmers fromeach of the four
methoggzt“g?a%g{ﬁsﬁ%d from human DNA (as a control;
Promega #G3041). [0082] Waveform profiling using the
[0056 h ovdescrétsedrabbed] tieomBCRI siepsof KGR h@npﬁbsmmnpla&ﬁﬂes afhd

i fferent bac onps resulte I|f|
amphg el Y ’@iﬁf %@ o fis TAlloYecteRs; 5 dﬁaw 8 ga%lfgenomlc DNA
into ggd(;nfu@ TAPA t&hpgs, ) aﬁneahﬁé S EnB3td S§vRra? ARGIctd SGP ?nr_ner—

each bacterial spécies ata not shown). Additionally,
bindingGite SdPn g vadhegenomii EN@oﬂemme m@@yqtrswauqiy génesated foRnucleic

acid DR BLBP B SCHLT RGP POPTHGr B9 HiSokr VAP s SCP-SGP

nucleig RBMHolynl &€ flogbech prictRmas hfirthRdlt ah SGP prfdrer®ihdME sitéNMn
be applied to detect and distinguish anmong different

particglgt daring pnopyde ofzameplicaion dhesapersiue of thel samke igiepreased (e.g.,
to 95- Bk’d{?% %rtr%l%gigg gi%)%lﬁ‘m réﬂde?%l{;]l%n: a% @@npr {thigece r%q%ﬁnomlc

DNAY ante&empéraﬁ)mstsemham@ c(ebfeakaalc(ergg td QHUC) tgatiowi %Wners to

S a con; was. op velr a ar anet .
anneak (grany ¥ ?%ﬁl’ fiﬁ&’ﬂ‘l?é‘ﬁg Sie- et n&Lstsp % neguen of
SGP aR'SGRLEGP rlu@l’glcaébﬁ@?él&ﬂlgrstf%m %{eaﬂrﬁﬁ&' 1s%9€ri%nﬁéc9£\ ~72°C using, e.g.,

concentration of a hi gh nunber of
Taq palyplerdse.c Hiniatip, loyoob e§thefash ayclapmf amgilificetneh, thelesgtherf éme for the

elong ef ,\%ee@d as%ll %;d 'ﬁlf%k %&?Opﬁ%ﬁz E{zgoﬁﬁf tf)%'é:ﬂq%%%rsggll“}gned S%vfpnuclelc

acid pBBE rﬂa@itloﬁdl@;c1egmt&@sa{a@h§ alNfion 4l MaifitRhe EMAEAtIMA steps may be
condi tions were defined as 40 cycl es of denaturing at

includgd @ therpraseni invgrdion 4¢ pEsNphHymere %‘Q@ter id/ar rabunt pravefgrg profile;

these g C %912%){ ﬁ’gl?@ﬁﬁiéégogalf%ﬁé 1{%9%&%}}%[ gﬂgﬁgﬁﬂf@é gﬁ%ézﬂﬂm steps

include@ spaaplifyehy praduad (e 2dSAPSGM aticlpiatatdrpadyrndérs of the invention).

doubl e- stranded SGP- SGP nucl eic acid pol yners that can
be used to distinguish different bacterial DNA from
each anot her and/or bacterial DNA from human DNA. The
data denonstrate that an SGP priner of the invention
may be used in a waveformprofiling nethod of the
invention to generate distinct patterns of anplified
DNA, and that the detection of these distinct patterns
may be used to detect and/or classify an organi smeven
|f the organlsn1|s present |n a snall ~anount . [ 0085]

. . o . NI £ NS




be detected via nelting tenperature anal ysis.

Additionally, a skilled artisan will recognize that a
wha00bA073ME el ongati on step may be i ncorpor at edPETITR2005/026704

that the shortened SGP nucleic acid polyners resulting

[00571;ir Jf@ﬁllﬁﬁphesﬁ WOl Elow 1%%%1950515( 5‘;21" raftiy o) r’é%ﬂe cagable of the

er-order structures, which et ect
repetit\ﬁ/eacychhg steps insovéngathe aheranahwlmt@nimwﬂird 1BcC&isatyMobtheStenaturing,

. A od.of exponenti.al : lifying DNA, the . .
anmealiis g8 CLoOREITE AR IR RHE FE RIS GEH R Sch Pighines include,
but aréTh&tl%ﬁe&fé PeRM A RIRhbvh G fHe QiR Hihd(ﬂklr“@en%h%ﬂéﬁi Andlper

first mxture conprises nultiple copies of

GP 10§01 machizm@dgeher Qther qomr@ates drat prgendeyiess camhl@pﬁthan@CR

evlin SR8 LB P e PR SR Hoh AR RS bR} W LR P Eimes
(Wellésld), MAY; 2ippaiad m@gwemsf(mtea Gi86 O, bravig Ries@itcH (WiElthat] MA).
el ongating the a lification mxture for a third

Such maehines a5¢ cqgah{gf of gifgringthe tiyng and duratignef yasious gt)epmn which
tempe&aﬁ@%g 81%%%?1 & an-gl?gseg%a %S%P%I‘P ln%!:]%fhés 3@8 foE 'uQeﬁ;f‘ﬁ FProducmg

FOr Ther conprii ses, the's
both thxf ful]( fithe elpgationyerstanp she d‘:s}emlaﬁhz(lﬁ)lme(eﬂon)gaﬂbm stgptbf thg present

an‘pljflcatl re for fourth length of
imvenay 000, GRBtGKI TSt Fmp v DRt g o 2yt 3 OF yarious
aspecRlof Q¥h S APNS deREML isBRoRic ﬂNﬁr&er&%{s ﬁic[dd‘ﬁ{ Lﬁ%opbfmlted to
cooling the anplificCation m xture. The nmethod of

reagend |katis forlex trapterne(of whind thenetaes saytral kmym ut tép 911( - EKihanar e

techngIf R aEh daas &R ARE® kst oy o TR ey nge BebRHL. GO

analyti QPSeHwedte kdintdrpRet (R)redudts PEbdhided byRaveform pRAilIR(B.ed GehoMaster
claim?2, wherein the fourth length of time is about

by Adg@%)mndtmnqrrﬁqswnlsgn@qrﬁng)fwdﬁ (sch 35 therffResign ﬂlaWoaﬁrTool for
d
Genof;a Sk ng 5(? hﬂztfl%}e\zmgcnﬁl %Joﬁﬁlhggx{ lﬁ)t%?;ﬁ%fgsiez}ogs%uegf%%nalyzer
soﬁwz(rb,l both by Ad'gbxm)rrﬂnb@(ﬂ skidl ih theeirt weuldcldpistnh paranwitars andZor
wherein the SGP prine I i de sequence
protocoly fsielysqtFvare an 05?08[?6 gS%?éh%ﬁg f the nucl eotide
sequence set forth as SEQ I D NGO 51 and the nucl eoti de

D. SSH%%“G@no?ﬁéPxfo@iﬂlhEPﬁ%e%EQ BD NO 52. 8. The net hod of
claim 7, the nethod further conprising the step of

T
ooss 7S50 By f g ﬁglr%;mﬁgédfﬁﬁlfﬁz%fggg?eg. Bt i
severad tlispredxf sid dlong eaclighgleisabhdedpgeomic DNA tﬁmelaﬁm hmleafnbodlment
claim erein the of etectln ri ses
of the PR ST RRFEF Lot io etk B BRSFIPE O S BnoRt P} from an
organf3fn, €9, HableAh BAA FPuses IBNUrDMer BrmBodiatiat 8F tht Hkﬁzeﬂﬁbxh &GP primers
conprising the steps of: (a) acquiring the sanple; %

are talécubql éctrtusq t ddtectiog rppn@uta@ OFganisEISt ¢-8n 8 ppxticulan spastRgOF ﬁ@ala of
bacterla e c% S)f‘wﬁ lélrthg grt 1? d?tlg{rﬁg Pg ﬁe;l{e{éﬁé rﬁécgﬁﬂﬁ:g;gééasoff' r%ﬁﬂ ) Ilgﬁ'émer that

is use@ Q:pdleﬁéct @fe @ﬁoﬁ@DNA Sftacenid gehérally, il bpatizla®species or strain of
[eagents at appropriate concentrations; d denaturin

bacteriz, by A#ping i acrBt the lengtheangseqpenps gk the éﬁ‘i&%?l&tw'é fQxe o4 skill in
the arf Wbl slu%'ag Svepdi sf)écqgs »of bacteria regarding the sequences of their genomic

DNAs and deduce the sequence of a primer capable of detecting most or all of these species;

this type of primer is sometimes referred to as a “universal” primer. Universal SGP primers,
and SGP primers specific for a particular species or strain, are determined after

straightforward experimental trials conducted by one of ordinary skill in the art.



(e) annealing the anplification mxture at a second
tenperature for a second length of tinme; (f)

web@agetsing the anplification m xture at a thiPdIr/US2005/026704
tenperature for a third length of tine; (g) repeating

[0059](S g?ﬁsof ggl)ll-ll'l %l'g lf“?pﬁlrecggtﬁ %hat Qlle) le H S WGP &)ﬁﬂl%r and its ab111ty

ngati'ng the anpl | catlon m Xt ure at
to bmdi omdvbral Sﬁqﬁqmm“{bmdmg smesf mu ¢dmplengtthrycsquanm ehpmglgenomlc

DNA ey et B YO A Tb o b MgrEr B PEGEr<he Bt b nygnber of

dlscrefeosmb BehdidpesiRIRohE h‘“g@ﬁéxﬁl% IﬂNAttUIhSIateathvllllﬂl tHdQhrRedrivifl bind.
he absence or pr ésence of g er-order struct ures,

Convantaéy,ehmlomgex the pgmas ¢hofewsr g:menmched of digeretgcGR psmer-binding sites

along Sﬂeﬁéﬁcﬁéttlgrgmlglfeet% § 'l'fﬁléﬂ{e é)%l?l%q% rv{'l@ﬁbrédm &{1 ﬁ ﬁdltl-cllg eth%zlrl?@ gnalysm
lated"® pHirBér1eskth @pplies i@ thelprob DGy fhBthe doiplehentiryzdacdte of th
reaet elﬁl hi rgﬁ%tenpllh of telﬂrle 13. S,The netdgg)d of clyalgnﬁll ©

SGP mmr@m thqfévwmplemeangws@f the)SGR primerwilbpecar within a

preset flgstg'llmg Félo(éx%)th% %ngtll orlg éellgl?&i ]Pl#éstes gart)cg@ (L: ay™ (ll‘zlfese‘f lxfthum length

of an $@Peatleit acid mil@per)gThis tiOshbetet lhmﬂmei,&he g'ieatenﬁtﬂdd:hhcﬁod that
wherein furthe ri ses

| )
the re\?eé%:a%r&mlanett@.s the( ?mnea R S Bl FEeBoY Ghia agresst
dlstaneé dowrBrearh TForTBle NP Bfimel-Bindinklsite VIBE 9&5&&&1%&&@ i§ Qet@ﬁﬁlned by

fourth tenperatures are the sane tenperature. .
the length hbimefcomprsing i, full Hamerelohgationstephard wbmthre $¢wgsetqomplement

of the i)triﬁf)eﬁ;]%f d dl %gl%s?eg?erﬁ 3&1@1[1 agpr%aegtdés&qc% gexgg%l’ al]amploftlcatlon will
occur.PRI afdéllltiﬂrﬂg thee$HoktNengdtl 6P & SGPTIﬁm@éia}Bat&hétersJanect%d DYy af@for related
havi ng a nucl eoti de sequence sel ected from_the group

to the geggnes Gomienb Pl the ErimeE| et thg analideg spperagire gEthe mmgs the G/C

conefidf et B8 e SFIRRR I K g - Blpy gl n e

designlbfShe piifrer. SDegilins prilers. withl fHse PArdhkie)S i GRnd/bi HFoRIkI@ routine

methogp S arEGE EPEElp0 s Ry %3856‘8@?%%%8%%%39 pEPCRripir design
algonfﬁ'ﬁlssclng IEro’)Ss :llyﬁgfl-lgituﬁ‘l 2éd d3dy OQ i AR <PV pietidRal Molecular

ficlal <220> <223> Theoreti cal S|ngle strand
Blolog)érqoutst:enateﬂ}ihs; Stanferdtl$uwersity t gggt aacgc acgt gt ggct

(cmgnia%a%&? A pgen s 25 GeDeb i ioeat "ot cot cagot

[0060] Consequently, a skilled artisan will be able to design an appropriate SGP primer by
taking into account the length and sequence of the genomic DNA, and the desired length and
specificity of the primer. In one embodiment of the invention, the SGP primer is designed so
that it binds with each single-stranded genomic DNA template with a predetermined
frequency. In another embodiment of the invention, the SGP primer is designed such that the
primer also can act as a forward and reverse primer in the exponential amplification of SGP

nucleic acid polymers with a predetermined frequency.

[0061] One of skill in the art would also look to the materials and software programs related
to other waveform-profiling methods and the generation of waveform primers (available

from, e.g., Adgene) as an aid in designing primers for SGP (including “universal” primers,



caccacgtgg gtgcaatgcg cgtcactctc ttccaccctt gtgtaataat
tgtacaaaca 180 tccactgttc tctcagagaa catatgtccc
W@ o@eaetdtt a agt aacaccg gcaaaatttt 240 t gaagccCCBREI/US2005/026704
agggccttcg gctgccaact ctcggaggat cgccgttcaa ccgccggtag
and pﬁ&grsatg?&&%ti%h%fgﬁﬁﬁﬁfa?gﬁ&ie%%ﬁ@ b5habs, 99C3@6RERY However, one of
ttctccagta tgcaaccgtg 360 aggcacgcca gaagcagt ct
skill vgeudd re¢cognige thgaeed tparafing thydedhnggues aud pargaoeiees 4laed to other

tacgc cttgtccqgca agatt.cacaa a aacagc Lttt cC ..
wave R 00 e D AT E PEOR DS A P GAY g Ao (14 Rncton
corredBlih GCHC G @& Sip 18 0bther WhvelsiatbFoTiling thdiiasds wlligd primers that
gCtagcgatt gcgtggacaa agcgcat gt g _cgagcggacg ttgggcagtc
conta@ch@th:agmefgagzgtlmgubfgmpeq@e,cs@%uhza@g P%ra@@;ébasg} primers of the

. 1 660. Al t }
prescff A PPHEE 85 PELOR Brbr RS AT AL BT LA, one o s
will récoizhice gRe § i§ hédcassant e tid SGR ptigets tobimb@ggatateCainiiea b€ binding

. q%t atgtagta 780 ttacgttggt &g{tgatca t ttatactccg )
sites oNg @5@ é]@glecséqapg%iggegpnagg ﬁe@a{latg a5 cggg)laee@gte gEmers in other

t g :
wavel i ORRSRRERLB Oy SERRRSERS o A RA0RA ARG i

acid pgtynggys sl bavecessguenca goMpising gt gatrge canplgmentodfche primer within
caqt agatg cagcactctt c 1001 <210> 2 <211> 1001 <212> .
the préAdispAce. dour TR Egm U guner $50ng il ) &, Oalyj @ perceritage wil

undergé'é g%icﬁleﬁt‘iaﬂ anh1i BB dneiia radu iR3UP-$ GB 2B ctdPoIpheR. Further,

> <221> m sc_feature <223> This sequence is in 31
only & pergentagdi(f-8¢ BPRAXImAGD S0%) of 8P GR aueles gid ppdymers that undergo
t cacega cqc : .
exporgHAGRETHRAAERAbAG-2Ih AL PhBLATEE A dwing e
time dlagadai st 120 gt ggt gcacc cacgttacgc gcagt gagag
aaggt gggaa cacattatta acatgtttgt 180 aggt gacaag

ons L el 2O SRR L 2 LB
waveit%grg 61K d mOBEEIGT Ridse A8 ih %¥aﬂh%tP@R)95eE$@@tﬂget 6;%'obability that

aggata ccgtcctaac aagaggtcat acgttggcac _
SGP-$GE gugleggicidqial yyers agaprodyxdas gwcasst aydhe ptimenkogthandecseased.

For 1 BhRS o R R PR Sl BRI of 30 Pkl an s
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other embodiments in which the specific portion of a particular waveform primer contains
more bases, the design for a corresponding SGP primer may, in turn, contain more bases as

well.

[0063] Among the bacteria that can be detected by the SGP method are those for which

universal waveform primers have already been designed; such primers are known in the art
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wavefBfrhiprofilirgd methods. As noted above, one of skill would alter the design of the
primer, or change the method of designing the primer, in order to produce a primer useful in
SGP based on the known waveform primer. In addition, one of skill in the art would design
appropriate SGP primers for organisms for which no waveform primer has been designed (for
example, for other bacteria and viruses) by analysis of the genomic material of the

organism(s) of interest, and by conducting a series of straightforward experimental trials.

[0064] One of skill in the art will recognize the applicability of SGP in testing a sample, e.g.,
a water sample. Methods for isolating organisms, and consequently the genome of the
organism, will depend on the sample and are well known in the art. Once potential genomic
DNA is isolated, the SGP method may be used to detect the presence of genomic DNA, and
thus, the presence of an organism. In certain situations, e.g., when the sample should be
sterile or relatively free of contamination, e.g., 'a water sample, such detection is sufficient to
detect contamination by an organism. Where classification of the organism is required, other

and more specific SGP primers may be used.

EXAMPLES

[0065] Embodiments of the invention are discussed herein. The basis of one embodiment of
the invention, i.e., the basis of a system for detecting the absence or presence of a
contaminating organism in a sample, is found in Example 1. Application of the invention is
found in Example 2. One of skill in the art will recognize the utility of such a system in
providing quality assurance for various samples, e.g., for detecting the absence or presence of
bacteria in a water supply. Again, it will be recognized by one of skill in the art that the
present invention may be used to analyze the absence or presence of genes and other lengths
of nucleotides in different samples. For example, one of skill in the art could use the present
invention to detect and classify anthrax in a sample filtered from an air supply or in a sample
of blood, or detect and classify a virus coated on various foodstuffs. The present invention

should not be construed to be limited to the scope of the specific examples described below.
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waveform-profiling methods, including the SGP method (FIG. 1A) and compares the results
of subsequent cycles of the SGP method (FIG. 1B) and other waveform-profiling methods
(FIG. 1C). It should be noted that the flow diagram represents the use of one copy of the
genomic DNA to be detected. However, as discussed above, only with the SGP method will
this amount of genomic DNA be sufficient for the formation of detectable higher-order

structures.

[0067] To further demonstrate the invention, both a theoretical primer sequence and a
theoretical genomic sequence are provided in Example 1.1 and Example 1.2, respectively, to
demonstrate how a primer of sufficiently short length will be able to bind to several discrete
- primer-binding sites along the len gth of each single-stranded genomic DNA template.
Example 1.3 then guides one of skill in the art through the SGP process described herein,
provides the sequences of each nucleic acid polymer expected after each step of the SGP
method, and helps to delineate the improvements of the invention. The examples presented

herein should not be construed or understood as limiting the scope of the invention.

Example 1.1: Theoretical Primer sequence

[0068] In the model provided herein, the primer is 5-AGC-3'.

Example 1.2: Theoretical Genomic sequence

[0069] A 1001 bp genomic sequence (of which the two stands are set forth as SEQ ID NO:1
and SEQ ID NO:2, respectively) containing the four DNA nucleotide bases (adenine “A,”
guanine “G,” thymine “T,” and cytosine “C”) in random order and frequency was generated
by use of a computer program. A few bases of this theoretical, randomly generated sequence
were altered in order to obtain a sequence that more clearly demonstrates the SGP method.
The sequence of each of the single-stranded genomic DNA templates of the double-stranded
genomic DNA is shown in FIG. 2. The sequence of one of the single-stranded genomic DNA

templates is presented 5'-to-3', represented by uppercase letters corresponding to the
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Example 1.3: SGP method comprising modified PCR and a half-time elongation step
[0070] The primer of Example 1.1 is exi:)ected to anneal to each primer-binding site along
the genomic DNA of Example 1.2. The first cycle of mPCR begins with denaturing the
genomic DNA into two genomic DNA templates, which is performed at ~95-98°C for
approximately 2 minutes. Denaturing is followed by annealing of the primer to several
discrete complementary sites, i.e., primer-binding sites, on each single-stranded genomic
DNA template. Annealing occurs at ~25°C for approximately 2 minutes. After the primer
has annealed to several discrete complementary sites on each single-stranded genomic DNA
template, a polymerase, e.g., Taq polymerase, elongates distinct nucleic acid polymers, i.e.,
SGP nucleic acid polymers, starting at the 3'-end of the primer and extending in 5'-to-3'
direction. Elongation occurs at ~72°C for approximately 2 minutes, and as such, in this

theoretical first cycle of mPCR, SGP nucleic acid polymers of ~21 bases or less are produced.

[0071] A representation of the first cycle of mPCR with the theoretical primer and genomic
DNA sequences of Examples 1.1 and 1.2 is represented in FIGS. 3 and 4. FIG. 3 shows the
theoretical genomic DNA sequence (also depicted in FIG. 2) as two denatured single-
stranded DNA templates. The sequence of one of the single-stranded DNA templates is
depicted 5'-to-3' and by uppercase letters (SEQ ID NO:1) in FIG. 3A, and the sequencé of the
complementary single-stranded DNA template is depicted 3'-to-5' and by lowercase letters
(SEQ ID NO:2) in FIG. 3B. Also, bold letters indicate the expected primer annealing sites.
The regions of the genomic DNA that the SGP nucleic acid polymers are expected to be
derived from during the first cycle of amplification are represented underneath each genomic
DNA template by 1) letters corresponding to the theoretical primer sequence underneath each
primer-binding site to depict binding of the primer to the primer-binding site, 2) an arrow

depicting the direction of elongation of the SGP nucleic acid polymer, and 3) a cross-hatch
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in FIG. 4) will be separated from each genomic DNA template, and will participate in
subsequent annealing and elongation steps, i.e., they will not form higher-order structures.
Consequently, in second and subsequent amplification cycles, in addition to the SGP nucleic

acid polymers set forth in FIG. 4, a set of SGP-SGP nucleic acid polymers set forth in FIG. 5
will be synthesized and amplified. ’

[0073] One of skill in the art will readily recognize that each of the sequences set forth in
FIG. 5, i.e., each SGP-SGP nucleic acid polymer sequence, is identical to one of the several
regions of a genomic DNA template bracketed by primer-binding sites (as depicted with
brackets in FIG. 2), i.e., is bracketed by the SGP primer sequence and the reverse

complement of the SGP primer sequence. One of skill in the art will also recognize that
subsequent cycles of amplification will result in an exponential doubling of the sequences
listed in FIG. 5. It is approximated that after 22-24 cycles, approximately 10° to 10 copies of
each distinct SGP-SGP nucleic acid polymer listed in FIG. 5 will be generated from one copy

of the genome.

[0074] A “half-time” elongation step is included after several, e.g., 22-24, mPCR cycles
containing full-time elongation steps, such that the 3'-end of some of the SGP-SGP nucleic
acid polymers listed in FIG. 5 will not be copied because the elongation time is reduced. The
“half-time” elongation step will be approximately 40-60% of the length of time used in the
previous full-time elongation steps, for example, 50% of the length of time of the elongation

step used above.

[0075] In this example, elongation during the half-time step occurs at ~72°C for
approximately 1 minute. Such a time for elongation allows the polymerization of ~10 base
pairs. As such, only a nucleic acid polymer derived from an SGP-SGP nucleic acid polymer
that has one of the following sequences (as listed in FIG. 5) will be fully elongated such that
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3'-tcggctactacggaacga-5' (set forth as SEQ ID NO:38), .
5'-AGCCCAAAGGGCCTTCGGCT-3' (set forth as SEQ ID NO:39), or
5'-AGCCGATGATGCCTTGCT-3' (set forth as SEQ ID NO:42). The sequences of SGP-
SGP nucleic acid polymers and shortened SGP nucleic acid polymers expected to be derived
from the SGP-SGP nucleic acid polymers listed in FIG. 5 after a half-time elongation step are
listed in FIG. 6. The shortened SGP nucleic acid polymers, i.e., those that do not have an
SGP primer-binding site and will participate in the formation of higher-order structures, are
underlined in FIG. 6 and have sequences as follows: 5'-AGCCCAAAGG-3' (set forth as SEQ
ID NO:43), 5-AGCCGATGAT-3' (set forth as SEQ ID NO:46), 3'-cggaagccga-5' (set forth
as SEQ ID NO:47) and 3'-tacggaacga-5' (set forth as SEQ ID NO:50).

[0077] The subsequent mPCR cycles including a half-time elongation step in place of the
full-time elongation step result in single-stranded shortened SGP nucleic acid polymers that
will not have complementary strands; thus they will form higher-order structures. These
higher-order structures can be detected by performing Tm analysis (waveform proﬁling). In
contrast, shorter SGP-SGP nucleic acid polymers, e.g., 5'-AGCT-3', will be completely
elongated during mPCR with a half-time elongation step. Thus, because a complete
complementary SGP-SGP nucletc acid polymer will always form during the half-time
elongation step, these shorter SGP-SGP nucleic acid polymers will bind to their
complementary nucleic acid polymer and will not participate in the formation of higher-order

structures.
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acid polymer.

Example 2.1: Designing SGP primers

[0079] An SGP primer eight nucleotides in length was chosen for two reasons. First, if all
four nucleotides (i.e., A, T, G, C)i are used randomly to generate an SGP primer that is eight
bases long, there are 65,536 possible sequence combinations. Therefore, it was reasoned
that any SGP primer that is 8 bp would bind to its exact complementary sequence in one
location every 65,536 bases. Second, the E. coli genome contains approximately 5 million
bases, so an SGP primer eight base pairs in length would theoretically bind to 76 locations

on the genome.

[0080] Additional constraints were defined to maximize elongation of SGP nucleic acid
polymers and amplification of SGP-SGP nucleic acid polymers by a single SGP primer.
For example, SGP primers were designed keeping in mind that distinct regions on the E.
coli genome that are bracketed by SGP primer-binding sites should occur within 5,000
bases and be in the correct orientation to produce SGP-SGP nucleic acid polymers. For a
potential SGP primer, the number of actual SGP primer-binding sites on the E. coli genome
(set forth in GenBank with Accession No. U00096) was determined using the BLAST
(Basic Local Alignment Search Tool) program provided by the NIH. The program reported
the locations within the E. coli genome that were primer-binding sites. Primer design was
also constrained by well-known parameters, e.g., preventing the formation of primer dimers

by excluding any primer that may hybridize with itself.
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amphﬁedc ébg%GP nucleic acid polymers under different reaction conditions via gel
electrophoresis using 1% agarose gels stained with ethidium bromide. Initially,
amplification (i.e., one or more cycles of denaturing, annealing, and elongating) was
performed with 5 uM DJB8 primer (5’-GGCACTGC-3"), along with 1x Takara PCR bulffer,
300 nM each dNTP, 2.5 mM MgCly, 2.5 units Takara polymerase (all available from

Takara Mirus Bio, Madison, WI) and either 100 ng or 250 ng DNA. Thirty cycles of
denaturing at 94°C for 30 seconds, annealing at 25°C for 30 seconds, and elongating at 72°C
for 30 seconds was perfofmed to generate double-stranded SGP-SGP nucleic acid polymers
from each of the four bacterial DNAs and from human DNA (as a control; Promega

#G3041).

[0082] Waveform profiling using the above-described conditions, either DJB7 or DIBS,
and different bacterial genomes resulted in amplified double-stranded SGP-SGP nucleic
acid polymers of different sizes, i.e., a single pattern specific to each bacterial species (data
not shown). Additionally, SGP-SGP nucleic acid polymer products amplified from human
genomic DNA (Promega, Madison, WI) were undetectable when either primer was used
(data not shown). The results demonstrate that an SGP primer can be applied to detect and
distinguish among different bacterial DNAs, and also between bacterial DNA and human
DNA.

[0083] Amplification of SGP-SGP nucleic acid polymers using one of the two SGP primers
and bacterial DNA templates (including human genomic DNA as a control) was optimized.
Several key parameters for successful amplification with an 8-base SGP primer were 1) a |
low annealing temperature, 2) a high concentration of primer, and 3) a high number of
amplification cycles. Final optimal conditions were defined as 1x Takara PCR bulffer,

300 nM each dNTP, 5.0 mM MgClyp, 5.0 uM SGP primer, 2.5 units Takara Polymerase, and



<400> 34 aagtcggcta ctacggaacg a 21 <210> 35 <211> 20
<212> DNA <213> Artificial <220 <223> SGP-SGP nucl ei c

waeiod/1psliymer derived from SEQ ID NO 2 <220> <PR1/BS2005/026704
m sc _feature <223> Thi s seguence i_s i n 3" t o 5 di

1 ng fempltg PN Apiima syqlwgcgnfhm@es vtdediedas Aocxedesmf dgpaturing at

oA P Ml ol AR B T e

<221> n1sc_feature <223> This sequence is in 3 "' to 5
[0084] dimpdificatoon wirthetoher:IHBt7cgd)JB8<(F1<G>7183nd:EIl(1>73L@espﬁdtazely)

DNA 213> Artif
prodi358 g iAe e o o e SGRG SO P TREFRASH TSR Satstcen be
used NQhEtn@?s@Rhff&%ﬁ?bd&eri%PDf\@@frHﬁleeaSR gothdiindor BEABSATNA from
1t oS5"' di rection . <400> 37 tcgcccccga 10

humaaﬂRiA é"gledz@ldenms&m that NBGRPrBrerafithe ingpriion<a®0be used in a
wavegﬁﬁ(?roﬁﬁgé ?ghogiztgfgee f%vg@?o#lgg%gnyr te dlsqmc t(ej:rnfs ro?rzpmsp'l':igecli DNA,
and that the detection of these distinct patterns may be used to detect and/or classify an

organism even if the organism is present in a small amount.

[0085] The _disﬁnct patterns of double-stranded SGP-SGP nucleic acid polymers also may
be detected by monitoring the change in fluorescence due to the release of an intercalating
dye (e.g., SYBR® Green) in response to increasing temperature, i.¢., the waveform profile
generated using an SGP primer of the invention and an SGP method of the invention may
be detected via melting temperature analysis. Additionally, a skilled artisan will recognize
that a half-time elongation step may be incorporated such that the shortened SGP nucleic
acid polymers fesulting from the SGP-SGP nucleic acid polymers may form higher-order

structures, which may also be detected via melting temperature analysis.
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afc c adempgurirg the amplification mixture for a first length of time;

(c) annealing the amplification mixture for a second length of time;
(d) elongating the amplification mixture for a third length of time; and

(e) repeating steps (b)-(d) at least once.

2. The method of claim 1, wherein the method further comprises, after step (e), the steps
of:

6) repeating steps (b) and (c); |

(i)  elongating the amplification mixture for a fourth length of time that is
40%-60% of the third length of time; and

(iii)  allowing the formation of higher-order structures by cooling the amplification

mixture.

3. The method of claim 1, wherein the number of times steps (b)-(d) are repeated in step

(e) is 20-50 times.

4. The method of claim 3, wherein the number of times steps (b)-(d) are repeated in step

(e) is 30-40 times.

5. The method of claim 2, wherein the fourth length of time is about 50% of the third
length of time.
6. The method of claim 2, wherein the method further comprises repeating steps (i)-(1i)

one or more times before step (iii).

7. The method as in either claim 1 or claim 2, wherein the SGP primer has a nucleotide
sequence selected from the group consisting of the nucleotide sequence set forth as SEQ ID

NO:51 and the nucleotide sequence set forth as SEQ ID NO:52.



<210> 44 <211> 4 <212> DNA <213> Artificial <220>
<223> SGP- SGP nuclei c¢ acid polyner derived from SEQ |
wWD20@10B1x400> 44 agct 4 <210> 45 <211> 10 <21PCT/DBXN05/026704
<213> Artificial <220> <238> SGP-SGP. nucleic acid
8. polhgrpethedpf ¢lan 7 themstind futheuoomprisingdbe ssp afdejepsiggat least
. <211> 10 <212> DNA <213> Artificial <220>
oneairg) lglg&gﬁogﬁltgténed SGP nucl eic acid polyner derived from
SEQ ID NO 2 <400> 46 agccgatgat 10 <210> 47 <211> 10
< > <213> i ficial > <223> Shqrt eped,. SGP
o iR ehBLSEAR ST MR R P aahe R PSR derctable
ageni<221> m sc_feature <223> Thi s sequence i s i n 3 ' t
o5 di rection . Page 110338582000 OOp. ST25 <400> 47
cggaagccga 10 <210> 48 <211> 4 <212> DNA <213>
10. Arthefrhéthéd ofA2iEr9,S¥Rs¥ein PS5t T duicdtink ComptisesPRBFRIng melting
derived fromSEQ | D Ng : | <220> <221> misc_feature
temperature analysis.

11. A method of determining an organisin in a sample, the method comprising the steps
of:

(a) acquiring the sample;

(b) subjecting the sample to extraction;

(c) introducing a first mixture to the sample to form an amplification mixture,
wherein the first mixture comprises multiple copies of an SGP primer and other amplification
reagents at appropriate concentrations;

(d) denaturing the amplification mixture at a first temperature for a first length of

time;

(e) annealing the amplification mixture at a second temperature for a second
length of time;

® elongating the amplification mixture at a third temperature for a third length of
time;

(g2) repeating steps (d)-(f) at least once;
(h) repeating steps (d)-(e);
) elongating the amplification mixture at a fourth temperature for a fourth length
of time equal to about 40-60% of the third length of time;
) allowing the formation of higher-order structures by cooling the amplification
mixture; and
| k) detecting the absence or presence of higher-order structures,

wherein the presence of higher-order structures determines the presence of an organism.

12. The method of claim 11, wherein the fourth temperature is maintained for a fourth

length of time about 50% of the third length of time.
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15. The method of claim 11, wherein the method further comprises repeating steps (h)-(1)

one or more times before step (j).

16.  The method of claim 11, wherein the third and fourth temperatures are the same

temperature.

17. The method of claim 11, the method further comprising the step of adding a

detectable agent.

18.  The method of claim 17, wherein the step of detecting comprises performing melting

temperature analysis.

19. A primer having a nucleotide sequence selected from the group consisting of the

nucleotide sequence of SEQ ID NO:51 and the nucleotide sequence of SEQ ID NO:52.



